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® # i$il^APBm:t*fflTffilS^f53 1-4-6 

y\ * « ;fc eP l$i!ftS^lim^:S^.^r£:4-8-8 ^ V - V^<- ^1^.^^ 

ilOl 

1^ Tfc IE SU l$iiirAPe1Sf5;t*0TS«l^[53 2-llD-lOl 

S *K ^ it ^ it mmiP^ftHI2-^:'ffilTS 1#1^ 



$s S 

1. % CD :fe ft; 

hlfll *?& T /I/ 7' 5 e'E»r>i-. 

2. t htfa-^Sr/pys 123 {ji©-^?-:*-^^^ 

4. us ® 7 * 'J * 7 r ^ - -tr © •> 

iu^r^ y thjiiL*?g7/u7'$y© 12314© > 

f-;*- ^ y 30315 © r ta ij y^-C©7 $ y^ee 

5. t niiL?(j7;i/7' 5 y©c^dSfiP^*<>:ifet 
/;:t Hliirg7;ur5 y»r)t. 

6. t h fk'{Q7 ^ y © 1 {a © 7 X 7 4-* y 
S!3^>t» 303i4©r a tJ>'$T©7$y M^M^^ 



7. t Hftiv&7/U7' 5 y© C^Ja85^©X5feU 
a ±K@7 U14*:^7r^--fc'©'>^^:^ 

;b-<r^K<t. t nia*^7 ;i'7' 5 i^© I li©7 X 
A^^^vK*^^? 303{a©7'n y T ©7 ^ y la 

9. b h jfli^G7;u7^ ^ y ©N - 5^ffSeD^3&<^5ife 
L/cb Hliiy0 7;w7'^>'Kfr>T-. 

10. bHflLve7^u7*5y© 12315© > ^ ^ V 

'5 8?35)tJa 9 u:KJSl© b niaYfl7;u7' 5.yBffr, 

11. b nilitS7;i'7' 5 :/©N -^tas^^i'j&^^ffe 
Ly:b HfiiyS7;i'7'5:^BIiM-<i:fai©*»J-?r^K 

12. ^Ili@ 7 'J 14* :^ 7 T ^ © *> ^^'^■ 
;^-<r ^ K <t b h lflL-?g 7 /l'7' 5 :/© 123(5© ^ 

- y*^^> 585(5© n -fi/y«T©75y Stie?"! 
<!: t» flX & 1 1 S2 £K © Sa ^ H a ® . 
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13. tt$« I . 5 t < 9 (ceiKOSaVfif 
Kf* D N AK3^!I. 

7 ;^ 5 K . 

15. ffJKD N AfiejUOiiiitC. KDNAK^* 
17. iff5^Jfll6U:«e«0?i±*iS«LT t hiflLviJ 



IJffl^ 2-227079 (2) 

Cu" • Ni**/^ <ir o^S -< :t y . flirt fi; ;ut:y, 

ycDa^-?>ffF®^«<!rtc*fc*T;uy5 
ffl^nrv^-S. ifiL'?»7 ^ y «^ /c. ©SB 



T 4 4 s CD K 7 V ^ r U V - ® to O a (♦^ 
^^t Z tt<X i ^ t^piioti^. 3i«5«OiI»- 



:^?fc<i:tT. gfiK^ja^t :^©r <!: §fl:1S!B5 

s X ti h V r •> y . r V/ ^ 0 r D X T - -fe' ^ 
^jo:^^^:*) tr^Tti. saa©r s y KK^dcctt 

y^u-r^ vtc:ov^•r<>•t©«i«»^>^•tt^^^>nT^^ 

amco^^t- ^» « * b h ifii-?flf T ;i/7' 5 y ifi 
WrM-* 3 - K-r i D N A*ftl3 cncs<ifl 

!ftDNA^(etC«l;*3. t h Jt vfl 7 ;i/ r 5 © ffi & 

ir»i)r&cf-t©i3ia^a*i5{ftL.<fcoir4(>© 
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Kt^DNA : D N A^^^r 5 7*7 X 5 K : 

se®;c>-t)j^t nfiir®7;u7'5 ygff^T-^^^^mr 
X « m»r >^ ^ ^^r 5 jss^ g e ® o 321 ;c Ba 



«nB¥ 2-227075) (3) 

tTt;: ^ a- y{fc$*tTV^4 (f^liaS63-037453). 
J;*)E?8:t n!lLr07^i/7's:/A©tt,GO8!r>^'*SJ 

Yfl7;uy5 yo4'^^8P^A^^>^*lfll'?9 7;i^7'$ 
Kfr>^. (2)tHfliyp7;u7'5V0C-^&S^^ 
5*^ t A: flU '^0 7 7' 5 :^ efi> . 1&,V^ ( 3 ) t HH 
7/^7*^ y®N-^0a^^^L'A:IfllYg7^i/7'5 y 

7' 5 yo4'^8ii^*^<b^5ifiim7vuy5 yW>T-i 

L^TIE^ t h lfll-^^7 Ji^y 5 y O 123(i® > ^ ;** ^ 

r '57;i/y 5 yB/rM-u:o(.>T522SU. c-3feffS*< 
X5*^l-/w7/i'7'5 y»r>^-0#«iLTE^t hlfllyO 

7 7* 5 y © 1 (i o 7 A 7 y K ^) 303fi cd 
ro'J ytxor ^/KK^iJ^^r*r*7;i'7'^ y 



ofr^T!2®L..-tLTN-:5S3S3&<^5ifeUy::7/t'y 

5 ym)^omtLxjE'^^ y timr fu-r ^ y<D 

I23fi©> - y/j-^, 585{i(D a ^ •> V t TO 

7 5 y m^nt-^f^^r JuY ^ ymn (cn^js 

ISH S Ai«;r«iS^*<«>«) (COt^TSB^-r 

li n nT8B © r i § * w L T ^ . 

4'^eC^*^4i)A:©». k.HflivgT;i'7'5y^^ 

IV) ^^tlT^^O (SjdholD, I..EkDan.B.E..((ober. 
A.. Lj u^stedt-Pahlaan, I . . Sei ving, B.& SJbdin. 
T.Mol.PharDacol.Jl,767-(1979) ] . Z tlh O ^ 
h tc*,n^TSIi«5©*S^cE@?a:ffi8»l*mA:-r7 

«bBiochea.PharDacoI.lfi»688-(198l) ) © 

t^t^<ir*<c©41i^^s^c^4>UT^^sA:«>T$> 



E=&tM^. >' 7 -«f ^N- ^ >f h ( ^ -f h I ) . 
h + yyif^ h ^ hD) . BL0^7^i'7T';y 
ff-f h (if -< h m ) ^^mLX^\^i)<. c©ffliti 
^ + i/. 7 X y ( if h IV ) ^ li f 'J /utr y 

^If-f h I£r -5 ^> L V^. Fehske^>li::^7•t:/^• 
-9- >f h . 7 ii' 7 r V y h . t' ij ;i/ 1* y ^ 

V (z^i^xm^ti^Pl^ Lx^^^r ^ y 

LT^ ^ Lysl95iHisl46;6.J/Argl45 . Trp2I4fi.Cf 
Lysl99 . Lys240$mS tTV^S. - ^< ^ "f- y 

^^$> ^ <b L < (Reed.R.G..Peldhorf,R.C.,Clute. 
O.L.i Peters. T.Tr.Biocheoislry, lii4578- 
(1975) ;Berde. C. B. . Hudson . B . S. , S i oon i .. S. D. & 
Shiar. L.A.J. Biol. Chea. 254 .391- (1979)). 
B«©t HIa-?fl7;i/y5 y<0^^^^i>>y>7SL^^ h 
iflir&7 /ur 5 y Br)t. Xtt C -^feiSeu^* X5feU 
t h AiY0 7;u7' 5 ygft)t« fiJfflrntf fiffifliUft 
K;t)<SS^T$r. 7 -ir /N- . 7;u7TVy^*< 
K7 7 ^ + + 'J 7-©<^S3*<^fiSi« 
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i/:^f -< y^S(Cys-34)®^*<iS!SttO S HS^W 
7 ^ K ( S - S ) ^^^mfjSLL. 3tl7iIS® S - S 

( 7" f- V/ ^1/ 7* o V ;Uci s - trans H V > 7 — "b' Zfe. 

rf-for.^ y X ;u 7 K v / 7 — -b" ( P D i ) ) 

p D J T$>-s. ^mr i^'f ^ > ^m.±t 

$aBart9ftii^©iaii-cPD \ 

s - s ig;t><j^^* p D I ©±«^^?9Eismti/h 



2-227079 (4) 
s - s ^ti^^^^i^^^fig 

yji^tb 585(iCD D >f i/ y i T CD 7 5 y Siee^ij A- lb 
fi£'S7/l^7'5ygfi)tTtt. Cys34 ftil 0 6 ilB O 7 

*j V c o <t -9 j:c 1^ il * iJ;^ < t T 5 • 
* M B« ^ T ti . ge 3 o ^ 7* 0 7 ;b 7' 

3'PO^'-{7'07;u7'^y8fr>T-ti'?:n-en 



fe> 303f5O r D V y t T ©35Iffl^ fW^ t A: 

H^^^t/c*^ fS34{iicD •> X y^^^rr* 

ft^oSsfflclSI- 5 • t I- iturpi 7 ;w 7* 5 y oKffK- 



^x^i-M y-r 5 s&CCSSXC^il^i LT. *IS© 

zon'tiMt^^ z t\t ( i ) ^««©t mnvsr 

W-r C (iii) s - s «e-c$sii'nT;u 
^An/xv^c ^^^m^ h jfiivfi7 ;u7' 5 y^^ 
twi il^ < i 6 1^ 7' K > y m ti Jfi L. « c 

^ dJ L /C t h IIll Yff 7 ^UT* 5 y 8It>i * in vi Iro (1^; 

W^fSiSJ^fiSc (';7;r-/i'r-i y^) SlCUlti'^T' 
f-i^/UT'o »; ;i/cis-trans -< V> 7 — -tr-^*? D I 
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3 - K-r icDNA oft §3:^ fit ti^%^ 1 tcfcpxa 

tTSs. cDHAJ!)^^^@s^-r lE^^tt mars 
CD 5 ' 5fe}3xti3' 3fe}sort{g!i-c. amfim^j- 
Ccfcos^ai^n^. *>5tMis cDNA^. g&^jif 

5ge®»r)^-^3 - K-r-5cONA?|i^© 5 ' ^JSX 
•fe* u: J; 0 9J»rLfc^. 3je^©DNASil53'€x+ V 



?j/ig¥2-:>2707n (5) 

yCDT 5 y ffirieja4.<OHet(l23)-Pro(303) *^ t> fiR 
i®a®»rK"«3-K-r*DNA<t:Lr. He t (123) 
-AlodSl) *3-Kr*^^RDNA (^IK) i 
Pro (152) -Pro (303) €3" K^T 5 cDNA (IS 8 - I 
ia-3l8-20« ( ] T^Ufc655)-) i^iS^ 

•>^-f;i/-irf' Kt 5jiHSA©fifi^ffie^^3 
- Kr 5 D N A i tTtiettC*$J5|B363 - 037453tC 

le o 7 * 'J * X 7 T ^ - -t* o •> ^ ;u r f- 

y t±§:0^ Hfli-riJ7;uy5 :^^^^^oi5i^ge 

^^3-Kr5DNA^^t*r-7X^ KpUC-phoA 
-HSf^'Mi-ihr '} X 7 r - -b* O •> ^ :^ ;u '^t 
7*f- VRZft h jM'rd 7 7' 5 y A OAs pi - Pro 152 
t-C^3-Kr^D N A * *$eiHS63 - 268302tc:ge 
mor 7 7. ^ KpUC-HSA- I ' i)^hm^thLtzG\u\S3 
-Pro303^ u-K-T'SDNASftK-t^Si^L/c^ 
O^i^ffl-r*. JSJBH S A^3- KTSDN Ai 
LT ti±SeT|tia t /cMetl23-Pro303 ^^-KT 
^ D N AO -3 S^nfe D N ASB5> ( He 1 123- A 1 a 151) 
$^*) iU t /;: 4>0 it* 151 K63 - 037453 tCia^O 



pUC-phoA-HSA-A^t>^ <b ^ as t /cProl52-Leu585 O 
3 - KlIiSi?<t 3 ' gfllRfli^^^t' D N A 

^^moEn^ Mfilyir7vu-/$ >^»rn-^3"-K 
TiDNAa. ^ t LX^^^-^ 6 z t h 

fthO-^T*^ 3 - Kr -S D N A (tie 

C 0#«;Xj|fi^lieS^?#*t5^0iS4^ 

-Cg.s -CrO 1 LT9<A. :^]16®7;u^ ti* 

;^7T^--b'0'>^t;L'-!rf-Ki><3$ttf<bn'£. 

t n(iiYg7;u7'$y|fi>ro5£^o/i«>ecti. ^ 
;^.tfflKOCrt$ife^Sem^3-K1-SDNA 
^ig^^^^-c^ ^ ^;itf7'7XS KtclfA 

±i t Til OftfeifflSa-^'S^So jil^tass. & 



^ ^ ~um±^{&^Lxm\K^ ti^. fflSTo^ 

XtJ is ^t-t'St^gS*®^ a - Krs DN A 
$7*a*-^-aafSDK^iJ^^C*%m®IfB$IJae 

trp7"D^-^— . lacm^ — , ^7 
T — ■>• r D qt - _ (p„ . Pl ) , tufBra^ 
6 < lirrnBr D ^ - X « C tl <b 

F!l;lti'r7X5 KCJ;5?§±. 

Bd^i-r«iHE?^o3fe^^K^-r i^s^<Dyfm 
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itR. friars. as^se^^DJia-tirLa^s c i 

•b" i > ^ t Ji^-<r ^ -iz I ) tC<fcO^:^t-ha 
T^iS?f 4 CZwiiin3ki,C.&U^Hickner»H. , 

J. Biol. Chea.2i5_. 7973 (1980) } ^ m ^ Z t i)< 



?5BB¥ 2-2:^7070 (6) 

X^iLtcr fV-r ^ y8fiK-tJCya34 & flh O ^ St © 

^fiiFl^^tCtJ^CCgdJffi L 35C l^iS^. DNA 
»sp I ( - y 4i y - lOmtt/^rf) . 



BamH I { ^ V .-K y - 35mfi/p/ ) V Cla I 

HindE ( ^ y .-ii y - 12mia/;rf) . & 0? 
EcoR I ( - V '-K X *>• - y . l2mW./fd) O ^ : 
D N A 1 PS. K^JS 1 V lOX EcoR I giSiifi ( 1 M 
Tris • HC£ (pH7. 5). lOOoMHsCii. SOOoH 

NaC£ ) Z fiitzm^MW^^U^XZQtdt tt 
37'C. 1 II#PBT^5SLTW8ffi£^T$-ti:*. Sa£ I 
&tf Xba I (-y.i?yi;-y. ISmiiZ/rf) OtS 
^ttlOX EcoR 1 }SimTlB.<DiK,t> ClOOaM Tris-HC* 

(pH7. 5 ) . 70on HsC£ t. 1.75n NaC £ . 70an 2 
- > r h X ^ y - 2Dfl EDTA. 0. 1 % •> 

pst I ( - y y - i2m{a//rf ) 

Sph I (^rSii. lOmitL/pi) OtS^ti HaC£ O 

iSK^ 2 fStc-r 5. 

D N A 1 OT. ®1 pap 5f? EcoR I RCfHind d ^ ^ 1 
(d. lOX EcoR I I2ffii^8t 2 Wimmmffs^UT^X 
20a* <!: 37t T 1 llfPal^aU/cO^s 90X. 5 5]- 



a/ , /^' r u 7 r ^ ;^ 7 r ^ - -t* 2 
T4 DMA 'J a-M^n 

i W ^ © D N A 7 7 i!^ > yh s lOX V - -t" 
tSffiyfi ( 66O0M Trl3-HC£ (pH7. 5),66dM ti«C£,, 
IOOdM C/ i-Jt ^ y >( h -JU, 1 cM ATP] 3 . T4 
DNA 'J *'-^r 1 (SJiig. Mj 400m{a/A£) . 
iS(©igS;K^J!nJ;iT30*/iL16*CT-%^St5. 
^fiSiy^^/ y hg)T 4 .-h- 'J K4:^- 
50on Tris'HC£ (pH7. 6).10an n$C Z t . 5 
•>-f-* A 7 >f a 2on ATP^ t-Wt 5 

(25a<) 4'T D N a 7 7 y h O*-^ O^f 
(^SOpDoles) ^ 6 ^<5CD T 4 5t U;<- K 

+ t--tr (^isit) -c37t. eo^j-roTiasf * c i 
cj;0 5'S3^&'jyfia^br"5. ';yK^t5Fn/c7 
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y^/ y h *^t-?Sjg[*aH? (Of lOOflDlOOX© 

^fSc 5 ^iSiJtt® Ufc^S^TJB:;^ l^T X- »; y 

DNAlWs DNA#';>7--tri (Klenow7 
y <r / V y . '^mm^1^{l/ id) l/rf. loHdXTP 
(dATP, dCTP. dCTP. TTPCDS^ft) 1 /rf . lOX © 
^Wi (70aH Tris-HCi (pH 7. 5 ) , 1 oH BDTA,200dH 
NaC£ , 70an HgC £ > ] 3 Kl tS @ M @ tK ^ jEia ;i 

T4^£i*3o*i i 37t T30^rBica*a-r 

Ig^W K Het(123)-Ala(l5l) ^3- K f ^ D N 

5 ' iSt^BaaH I^t^«S*4>B. 3' Ja/tifit: 
Hpall(HspI) t) -tO-:^®^^ 

;&<t hiaLV07/U7'5 y a)Het<123)-Ala(l5l) 



|$Ba¥2-2:j707n (7) 

{2IS$4t£3 K y (preferential codons) 

i /;: it^ < ^t- J: -5 fif y L fe. C n ^> 

C?^?5ELT*?») (fc<t>Ll#. Ilreaurfl»T. J.Hol. 
Biol. 14i_.389-409(198l);Gouy,H.a Gauticr.C. 
Nucleic Acids Res.JJi. 7055-7074 (1982) } v SH W 

ISKSO^^ck: ^ T . iJc© 4 IQSO;<- 'J 3-;; 
^ U f- K : 

5 ' -GATCCATCTGCACCCCTTTCCACGACAACCAAGAAACC 
TTCC- 3 ' 

5 ' - ACGTATTTTTTCACGAACGTTTCTTCCTTGTCCTCCAA 
AGCGGTGCACATC- 3 ' 

5 ' -TGAAAAAATACCTGTACGAAATCCCTCGTCGTCACCCG 
TACTTCTACCCTCCCG - 3 ' 

5 ' -CGAACAACAGCAGTTCCCGAGCGTAGAAGTACGCGTGA 
CCACGAGCGATTTCCTAC- 3 ' 

^Caruthers h ( Ha t tcucc i , fl . D . & ly^ Caru thers . 

n.H. Tetrahedron Letters 21,719 (1980)) ^ *) 

4St®(AppUed Biosysteos ^r^^380B) $ffll^T 



^ tiyi D N Affi (Mj30pDoles) 50 
□ M Tris-HCi (pH 7. 6 ) . lOoM flsC £ » . 5 ofl i'' ^ 

X 7 h -iu&ot 0. 2 oH ATP*#wr 6 (SO 

td) *'I?6m{iOT4*'i5^^'U^f-K + t--tf 
(3^?Sii) ?5f?£TT37-C. 605hFaT*a@-r * C ttC 
J: 0 5 ' -dSi& tj yl!^t 

'jyK^h*n/c77^>yh4:$:€igHf loot 

^ - M y /^-tf o /c o 2 #1 <DT4 DMA U - -b" (800 
Sfflii) ^]!lDxT16t T-^^S L 7 7 ^ 
yhFoT^^^UTr;^«S77^;' yhiL/c. 
ftK^©-*tS77^>y|*$ HpaQ (Msp I ) T 
yj»rtT96bp0 7 7 y 

^a^fW^t b hltoygy n/r $ yigrfrHet(123)-Pro 
(303) ^3- Kir j& D N ABIr)V(Pft93 

E^t Hlll-»7;i'7'5 y©7 5y5fe?a{S*3- 
Vt^^^^X^. $^>C 304§iO-<rUy'£3 

SJlI^tC X gtll t hcONA^^ D" y(HSA-lA) 



^Wl :m6ia) ^EcoRICj;*}VJ»fl^TtHfil 

ie7/i'y 5 ycDNAgpij'^wo ibi^. cn^r^;^ 

5 KpUC l9 0EcoR \ U{tL^^ Kl^X r y 7. \ Y 
pUC-HSA- I ^^m^Vft^ 

puc-HSA- i^pstiTyjgff^. ^i;/c5' »so 

y y K S * ^ 7- 'i 7 7 * »J ft * 7 T ^ - -tr 
TiiS LTH^* IlpaO(HspI) T9)®rL 

T 750bpO 7-7^>Vh$VJ*)a3l^A:. CO 750 
bp©77^^> y h€ll«6F31 tC*Jt*T^fiKL/c96 
bp© 7 7 ^ > y h <*:T4 DNA 'J T Hpa D (Hsp 

I) (D{^^^^n±<^f!\'^^nmi.x^^Lfz^. 

puc i90BaDH \ t ?si\ Q>r.'SLm\t^o:k^^^'H 

my V if / V Y ttK DNA 'J ^--Ir tc <t *) iSJS 0 

pSAL nr^x? K*f5/i« 

1g^W3. ffif^^e^^I^.fflr^:^^ KpAT-trp- 

phoA-sAL n onm (m 3 BP 
pSAL n -^BaoH I TiaSLTKJ©U^i3^:A:Ba@ 
DNA;lf»J>7--t:ITteSb. spr^^JSiUA: 
tS. Hind in T W»r LHSA cDNA^fe^C 750bpO77 
^> y h -:^pUC 19r 7 X 5 KCCT;ftcBS 
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my f\^is ^) ^^^:^y r 9 --ef (phoA) O '> 

y^r 7 X 5 KpUC-phoA (##95 2 ) ^ Bpa n (fisp 
I) TWBft. ;A:IIS@DNA;Ky>7--fc'IT¥ 

^t*69bp07 7 ^> y h * t^/c. 
h ipSALD *3l5®IE^t h]ai*?^7;uy5 ^cDNACD 
-® ^ T5Obp0 7 7 ^ > ^ €T4 DNA 'J ;y- 

*'TiS^ ^ ^> CpUC l9©EcoR I iHind ID ® - 

V -^-fie^iliHSA cDNAg&^:6<-9nCi<,/cpUC. 
phoA-SAL D r V X 5 K ^ t# /;:. C CD J; L T iS 
$S$nfcphoAi/;/t/i"^7'^ - Kf -5 - 

^^-ffi^diHSA cONAO-eUiCDPHltCttX U f- 
KK?iJCCATCC;t><7^*7'^ -K^iJi LT^C. 2 {IS 
07$yKGty-Ser ^ 3 - K "T -S i<> H i 

•> ^ t /U '^ r K -Gly-Ser-Me tl23'-pro303 t 
■3 m ^ i 5 • 



2-227071) (8) 

9 V i<0 ® OiS^Cffl ^^y::pAT-trp-phoA.HSA-A• 
(#%W3&I/4 ; ^^©63 -037453) 
fc. pAT- trp-phoA-HSA-A* EcoB I iBlndlDT — H 
tS^bO. phoA -y-ee^d-HSAcDNA 655^*^* 
^«CV>:^&1^^077^> > h*. pUC-phoA-SAL 0 
r 7 X 5 K *EcoR I iHindlDtCcfcO-Sr^^tLT 
15 ^ n 5 BOObpCD 7 7 ^ > h iT4 DNA 'J -fe' 
tC ct 0 tpAT- trp-phoA-SAL n 7* 7 X ^ K * f# 

pAT-trp-phoA-SALar?^ S K*;A;aSEaHBlOl 
iCj^^Or^fi?^t;:«k*) a5A L:^IfiSHB10l(pAT- trp- 
phoA-SAL n ) *t#fc. 

RfitCSftX^S^m 10308^(PERM P- 10308)iL.T 
pAT-Trp.phoA-SAL ^ ^ t h i^V^m^ ^ h 



pAT-Trp.phoA-SAL n ^ AlliSHBlOl * 5 
n£0. 7yt'C/'jyr£25;'s/nfl^t;/l'y7 (LB) 
ifilfe ( y y \ %^ ^Sx + x 0. 5 

NaCi 0. 5 Ct^ffiLv 37-Cl8tt# Palis i->l§g 
O/C. C 0. 2 n« * 7 e y y ^25;«/ 

ai'tt' 5 ia£0M9-CAl5ffe (Na,HPO* 0. 6%.KH|P04 
0. 3 9^.NaC£ 0. 5 ^. NH«C£ 0. 1 9<.CaC£ t 0. 1 
□ H. M«S04 2 d«. * 1f 5 y K 0. 8 % ) iCffiSL. 

^ y ^ tj ( I A A ) $20*s/Q£iJa: 

4 J; T j[lD;i/c. $ «btC37"C T 5 - 7 BtraliSi -^ia 
# if It ^ ^ • 

±lfiO J; 0 tCiSS L/ciS^?8['£7000rpD . h% 
jg/C^L. mStfc. its L 20% •> 9 te. 
25aH Tri3-HC« (pH7. 5 ) s 10a« EDTA . 1 □« 

jS^-e. 90 6 'J V^-i.* 0, 2 Bg/a£JfnJ;t /c. 37 



Dh7*7Xh (x7xDr7Xh) ;tf^j5^>n/c, 

C t!)f^a|jfl[^7fc4>tC?» lOOOOrpo. 

X 7 X D r 7 X 1^ ^fctgaaF-ti-fe.. c 

C0X7xDr7X h*20?^u'3tgiffi (25qR Tris- 
HC£ (pH7. 5 ) . lOoH EDTA ) PI f? iSS 5 * . >K 
f§ 4^ T 4? U h o X * ^ y :^ +K - ( ^ >f 7 {g : 
8 ) t::<i;*36[»LA:. 4 'C *>H> T ® ^jS^ 15. 000 

^E*25q« Tris-HC£ ( pH 7. 5 ) CC H iS! $ . 4 
X C*?t>Ti¥i!2?a^l5,000rpQ . 20^ia/C*U A:. 

S D S - .-i^ 'J 7 ^ V ;i/7 S K 

1 ) ©^tff 

lgS«t 0. 5 n2^ 7000rpD v S^^iS'C^U. 
^c. @(«i^lOflicDSDS - {62.5dH 
Tris-HCi (pH6. 8 ) . 2% SOS. 10% > b 4Sv 
5 % 2 - > ^u* 7* h X ^ y -/i^} 

loox 5 ^^asu/c. c n^^say/i'ieKio^© 
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S D S - V T ^ y ^1^7 5 K y A/ (Laeooll 

m : Mature(London)212_.680(l970) ) C T 7* 7 ^ 

2 ) qFtgflS^o^^ 

g[S*25oH Tris-RCi (pH7. 5 ) H 3! $ -tt" x 

S D S - :^ U A:, 

loot 5 ^^@r * C i *C <t 0 > :F?$14ge®* 

3 ) SSfeS^tfflftfe 

i«caj!i^7(^. y ^I'tiSifeift ( ^ v •> - yij V 7 
L^Hftfe^S (/nM 7 -/ K^SSs 55632) 

WSfrUA:^ h D-fe;i/a — X7 -< — (Bio-rad. 
Trans-blot® ) . & 9 v h v X 33 3 HMifi ® 



?jrffl¥ 2-227070 (9) 
(2tt) *7'Dv7--<y^r^ (0. 3% Trls . 

vK±c©a£. y;u. 7-f;i/^". itaaEotacS 
*a *5 * . X 3 -/ V K T tt $ ❖ . y o V 7- -f 

V ^SS(TEPCOtt33. Model :TC- 808) * v h U 
/i. y o y X ;y/c 200dA. 1 H^TbT 

T B S (25dM Tris-HC£ (pH 7. 5 ) . 0. 5 M 
KaC£ ) Tl05>i^SL^c. 3 % -b* 7 ^ A 0 © 

T B sift■^305>^^lau/c^iE. 7^>u:?-^ 0.025 

%Tween-20O Ao T B S ( TTBSlffi <t lil T E| r ) 

V -^^I'ttSS) ^ \ %ir y y \*) OTTBS?ttT2000 

18ttf PiimSUA:. i^^tc. 7 -€TTBS?8[4jc 
^L55^^^SL/c. C ©ISft* ^ f^tc 2 HiT-^/c. 
fJl +' I g G - +' - S ji^ 7 *^ f • K ;i/ ;f + •> 



:/-'fSSK(4=(Bio-radttSa) ^ I % "tr 7 f- ^ ^ 
W®TTBS?8[-C3000(StC?&JK L Wi^ y ^ - 

^TTBS*8tT 2 TBS^Tllls -etl-P^aS^ 
Pem-sA:, 0.015%H,0,. 0.05% H R P 7 -r 
y r ^ y h ' -i^ ^ y V CBlo-radtt) X 

i6.7%>^y-;u#WOTBSffiC7-<;u^-^ 

0) . ^=f-E 2l000©{5StC*|£H«O%^^fiSc$9 

t.-r 7 X S KpUC-phoA-nHSA (D S3 
9 ^ ) 

AIl5tS7;i'* f4*x7 7 ^-Hr>'/t;u-<r 



©pUC-phoA-HSA-A^EcoH I <!: flsp I "St^^t l^x 

7 5/ ^5SCD>^:*-^y3 K:/©iISfI)!>-€>fi)tBt 
h Illl *^ 7 ^PT" 5 y A<D 152{AO r d i; y O 3 K V 
^TOSIifi (t^jSOObp)* WO a t^. -yjWim^ 
ru7'ot >-i(iiY0 7;i/7'^yA0'5Bfi!cBt mti 
vfi 7 ii' 7 5 y A0 zoziKD ra';y^T*3-K 

r 5 s 304 (i OHrU y©3 (TCA) 

K y C T C A ) g ^ 5 tl D N Affi^g 
* t-C^ia^^^ -^ :^ 5 KpUC-HSA- I ' * Hsp 1 

.356{iCD hV;*-^ytTCD$Iifi$3-KT5 
3!i-L 304fSiO:<-/<--'^3 K X T EH K ± t* -5 ® 
TiKStrti 303(4 © 7* n M V * T © pI « * 3 - K 
t-S) 1*3 610bp© D N Agff>T-*?^fc. ^n^>2-:? 
©DNAK!r>T-*x r 7 X S K ^ -PUCIB * 
EcoB I i Xba I <!:■C-Slm^l:UT^^/c:^^«:^© 
8fr«- C>«52660bp) i $ * C i tCcfc 0 X :^aQ 
S 7 :^ 'J H 7. 7 T ^ - -bf © •> 7 ^ K 

inSc]?!it hlflLYfl7^l'7^ y A O A»pl-Pro303 © 
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D N AK?!l*#t-||jai r ^ $ KpUCpbofl 
-oHSA =^m^Lft. 

y ^ l^phoA-oHSA ^^jS-r^fei^O 
a^x.r^:^5 KDAT-tr p.phoA-oHSA 

JiKr 7 ^ ^ KpUC-phoA-oHSA ^BcoR I iHind 

Kt* D N Asejij^^JDibt. cn*. 

K i ^ t h ifil r ;u 7' 5 A © ifi^ ^ y ^ H 

®i3iiCffll^/ctam;ir7;^ 5 KpAT- trp-phoA- 
HSA-A ;!^^^»EcoR [ <tHindID<>:<Z)-Sm<bK:J;OW 
*) aj L/c:^ $ v^:^© D N A0rn- uy;:. la^ 

y 7. 5 K pAT- Irp-phoA-KSA-Alij^BSa h 'J r 
h 7 r a ^-^'-©TaStC^^^^aEriEcofi I tg 
^ee<5©Tzi&tC;^SS®7;i'*';tt*X7T^--t: 



»Rfl¥ 2-227070 (10) 

yK^jj^a _ K-r * D N Aajg&c;-^© 

3' C3lfa8«iey5;6<ttSi L-t ©a^SCHindffllggt 

EcoS I iHindID -Qf^^fcCcfc 0 

:^$«^©DNA n- (i @ 7 * * X 7 
T^--b'*>^-^;i/^r^ KifiS^t hIfilfQ7;uy 

^^t>/cJ^i;^i 0 . >;fl5®7;u;& y A 7 r 
--fe*i/^:^;^-«r^K^5^HSA^©jK^^y 
/N-^^ 3 - Kf 4 D N Aiejd^^C'EcoR I - 
Hind ID KffM- iiiJS-r « C <!: C.*; . h r 

f- 7t :/7'D^-:?'-$0ffllTCj|fJtt^i? yA^S 
*^^T§ 5Wii*J#^;tlflm;ir7X 5 KpAT- 
trp-phoA-oHSA ^ f a !5 T § /c. 

pAT- trp-phoA-oHSA r 7 >^ 5 K^^JBSHBIOI 

*?3?AL. SHBiOl (pAT- 

Irp-phoA-oHSA) ^ CI © ^ IS ® iSfc X W B S 

mi0952 -t(FERn P-10952) i t TXjS}$ffiKSS^ 



Wlil^t^^r 7 X k KpSALfl ttfiRjBht hit 7^7 
^ y A ©netl23*^ (9Pro303^ "C^ 3 - K T S 
*DNAEJ^I^f^-C*?*)^ BaoH \ t Hsp I i© 
xerifktr J; *?fietl23-AIal51 *3-Kr*DN 

AKfffr (J(tj90bp) ^ c ti*- ^)^*) aj u A:, 

±127*7 X 5 KpUC-phoA-HSA-A* Rsp I iBiodHI 
fCILWimitLX. Prol52A-<bfi!c.??it HfliyG7/W 
7*5 :^A©:^;u*-K+C/;u5fe03T^> ^LeuSSS-^ 3 - 

Ki.* ^,{c-e©3 ' i®ifSfli«ee3Fii^t'C^i350bp 

©Sffn-*l#/c. C n ^) 2 -:?©8!r)T-«'PUC18 *BaaH 
I ^HindfiltT-Sr^itL T?^ A:^2660bp© D N 
AgfiK-iS^Lx Metl23-Leu585(5il8 H S A ) $ 
3-Kr4DNAffiJ?!I^^CIfife;tr7X5 K 
pUC-tHSA€fOISLfc. 



^ffiWg. ^«gHSA^ %^^Hj-^fe«)©iaiS;^ 
r?:?^^ K pAT-tfp.tHSA©^Sfl (glQ 
Ml. 

^ffiHSA (Hetl23-Leu585)* liS^STtt« < 

af«§%m$*«©;c:^Eg@h ';rh7T vm^ 

D^-^-aDttrpL©S DffiJlI>£lfl❖ii^f^^^ 

ffl r 7 X 5 y ^ ~ pAT • trp * h r ^ 7 r 

y al- a y i^OS^!!©Ti5£tc:«>^ Cla I KSEfiB 

iirmmL. mm^-^tzm. Ammo s a^^ / 

^S©-*«I855^^ Ji4i» A:. iJct;. Sph I T VJBfr t . 
:^§v^:^oDNA»fM-^l§fc, fiRBt hjin 

*0 7;U7' 5 y A©«etl23-Pro303 (SAL fl ) ^3- 
Kf « D N Age?(J^^CIfl^;t r 7 5 KpSALD 
*Hetl233 K y ©Ef!lu:$>4BaaH I iS^eSttTVI 

ert/c&. :Acfl5®DNA#v>7-*'Iu:J;«5^ 
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it. c:o2ooDN ABSfr^aau^noe h y r 

Y y r yt -<o y^^^^OTl^^ SAL D € 3 - 

K1" i D N Aee?93&<eec$ n/i:ii^;ir7 X 5 v 

pAT-trp-SflL fl ^il^Sa Uyt. COpflT-lrp- SALE 

i4T9)erL./c^. :^IlS@DNA*y>7--tfIT 
D N Affl^* ffito. $ ^iCBanH I C 
SALODNA 05' M^Om^rmWiL. SALDDKA 

A©r)T-^ pUC-tHSAr 7 X $ K^Hindffl T WIS Us 
>;15SDNA#'J;' I T-;*:0[a5**a«)s 

BaaH I TW^UTi^/cSSISH S A^a- Kt 4 . 
DNABeJO'lt^t/DNAafrM-iia^t^aSHSA 
iS^fflffl^xr 7 X ^ KpAT-trp-tHSA^fOgtUfc. 
pAT-trp-tHSAr 7 X 5 K^^EQSHBlOl (Cj^^Gc 
^i^tr J: 033AL.:felIBSHBlOl (pAT-trp- tHSA) * 
C0:^IS@liSiX0F®SFmiO95O #(FERH 

p. 10950) tLxxnm'i^^^^^xmm'^m^m 



f5ng¥2-22707n (11) 
:f;P^r^K^SS^HSA^:^6ia^ 
fflaX^r^XS KpAT-tro- ohoA-tHSA 

^Kt SALD Ogj^^ 

ia^;ir7X^ KpAT-trp-phoA-SAL n SALODNA 

^n<r>Tm^t^^r i SAL I KaS5{iTyj»r LBfl 

©L/C a. ^*3^>;Iia@DNA.-i^'J / 7--b' I T 

A6e?5t sALfl K-r^ D N Ae^dorDi©:^ 

h r h y r y;*--<ayri^35t(DDNA£J?5 0Tta 

tCTiU* 'J14*X7r ^ > ^ t f\^^^ "9- 

J - KT « D N Ai2?5;&<ia^ U^«5ji^^t,'D N 

ABrir^^yi, pAT-trp-taSA^HlndniTyi 

»r(^i. D N A^ 'j ^ 7--t: I T^aS 

^12«>. $ t>CBanH I -c Wftfr-r c: i C J; ^ JSe 



H S A^3- Kr^ D N AffiJO^ W*) liiLA:. C 
2 D N Aer)^-^ iSJS 7/u*Vft*X 
77 ^--b'->^t^U-<7*^ KitJi^H SA *<BodH 
I iS^EyiJCCATCCC J; *} 3 - K $ nSGly-Ser © 

Sa^^ VA^^phoA-tHSA ^^mt i^l^^AYv 
7.% KpAT- trp-phoA- tHSA ^ ^ L . pAT-trp- 
phoA-tHSA r7X5 K^:^I15SHB101 CCJ^SCEc^ 
^ 0 ^ A All@@HB101(pAT- trp-phoA- tHSA) 

(FERH p. 1051) tLxxnt^'i/RmwL±^x^m\^ 

SIWIQ. 7^1^^ U1^^X7t ■>^:^/U-< 
r^Vt^^H S A^/^H^MH S A 

ABfe^?^g)@^ 
pAT- trp-phoA-oHSA . pAT- trp- tHSA3l It pAT- 

trp-phoA-tHSA ^eaWt- 5 ^ISStc J; 5 :A:g5@7 
/i/*Uft*;^7r^--tr©>^-f;U'<rf-K<i:t 

hjiiy07;uy5>'gff>t©ia^sa®xtt«is^t 



pAT-irp-phoA-oHSA . pAT- trp- tHSAX t^pAT- 
trp.pboA-tBSA ^ ^ O eHBlOl t$ € 5 ni (Z) . 

7 yei/i; y ^ 25«r//^^t';KJ 7 ( L B) iglfi 

NaC£ 0.5%) cmiQLs 37Xl8B$FBlSi 5 tSS 
r^. C OJS^faa 2 a«*7 y tr ^ t; y $25«/ 
£22#t* 5 □£0n9-CAlgi& (NatKPO* 0. e^^.XH.PO^ 
0. 3 %.HaC& 0, HB«C£ 0. 1 %.CaC£ . 0. 1 

□fl. HgSO. 2oMs ^ y gaO. 8 %) C^IQL.. 
305^37X Tits LJt^. 88 3J ^ H T -6 3 - ^ - 
-f y K-/i'7^ »; ( I A A) ^ZOps/dlttS, 

^Ji^m^ft. $ ^>CC37X 7 5 - 7 0$fy]Mi -5 »s 

±geo -3 ClSfi L A:lS55?a*7000rpQ . 5^3- 
25oH Trls.HC£ (pH7. 5) . lOoH EDTA ^ 1 oH 
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PBSP (-*»-»^b7x-;i/>f-;uA;i/*j;/u) kiHj? 

PS '/f'-i^^a 2Qg/iijD;iyt. 37 

ti5»(»sr S C t C J; *) . ^i^*^f|{L$n. r 
ohr^^h 7 X n 7*7 h) *<i&t>ny;:. 

^ 0??aS[***(C:f^ V^filL^iig^. lOOOOrpDs 
IO^jS/C^L.. :x 7 X d r 7 :^ h ^i±S$-fryi:. c 
(Z)X7xPr7^ h^20%i^gffiffi (25gH Trls- 
HC« (pH7. 5) . lOnH EOTA tCH i? 21 $ . 

Q ) iZJi»)m^Ltz. 4 t tC*?V>TlgEf^?$ $ 15,000 

S*25dH Trii-HC£ [ pH 7. 5 } C H jg $ . 4 
r C^H^T jyiSJfl^^ IS.OOOrpo . 20^iS/C*L/c. 
C ©lift* $ t> 6 -3 -HlfTt^. '^y^tltzttm^ 

S D S - .-tf 'J 7 ^ 'J ;i.7 5 KV';u^^g4cOji 

0. 5 Qfi«7000rpa . 5^iS/C*l^. L 
@«c*10*f O S D S --9" yr/u« C62.5aH 
Tris-HCi (pH6. 8 ) . 2% SDS. 10% •> s tSs 



??Bfl¥ 2-22707!) (12) 
loot 5 ii'iasuys:, c n€i>©y;uigsio%& 

S D S - 4? r ^ 'J ;i/7 5 Ky (Laeaoli 

ifc : Kature(London)aLL. 680(1970) ) iZ 7 r 7 ^ 

2 ) :f JSttS^O^^W 

jaS*25o/l Tri3-HC£ (pH 7. 5 ) tC fl iS $ Hi* . 
-ffi^iO. S D S - -t^ y r b ^c. 

loot 5 ^iSSf * C i cci; 0 . T-rSiieH*^ 

3 ) Ifta&Cfflllfe 

iit{y)$$7&. y^mssfe?^ ( ^ V •> - 7* 7 V 7 

y h • 7'/b-0.25%. X ^ y -;u45%. ftKl0%) 

;i'tt»lfe^ ( > ^ y 5 ft 6510%) * 
L./c»ifeSS ( 7 7 Kit Si. ^ r 55633) 

'»x:^^-y7ov h<>:feg^^g]^ 

s D s - 7 y 7 $ K y ia i^t fiA 7 



W0rU/c^ hn-b;UD— X7 — (Bio-rad. 

Trans -blot® ) . RZf V v F'r>'ttS33flM^ffi 
(2«i) *yav:r-f V^JS CO. 3% Tris . 
1.44%/ V i^I/x 20%> ^ >' -/P) CtSU/c, y 

V K±cffi^. y;u. 7 /i^^' ifia&coiQtcs 

*a -fr . ;^ 3 V ^ y K T U * ❖ V 7' o V r 

^^^S(TEFC0tt^. Hodel:TC-808) tC * v h L 
ito o y 7- 4 y ^Wii^fz Ls 200dA. 1 03^r^ 

t«tQi>*TSi. 7 ;i'^-*y;i'*-^>ti*<L^ 
T B S *a (25dH Trl3-HC£ (pH7. 5 ) . 0. 5 M 
MaC^ ) TlO^ftiSO/c. 3 y ^ y \^ 0> 
T B Sm-CZO^^mLfcUt. 74)\^9-^ 0.025 
%TwoeD-20OA->fcT B S?S[ ( TTBS® t T ) 

j5tth7;ur5x-'>if+'i!afaoi s GM^ ( * 

v-<vi/ttB3) J£l%-e'7-?->'A*) OTTBS?a-C2000 
c tc 7 ^ jg 2-- 



y--er ©Saf?i«KBio-radtt^) * 1 % -tr 7 y ^ 
WOTTBS?a-C3000fStCf&JK U 7 ^ ^ - 

*^L. 2 reiias i^y::. n^m^ik. 7^;u^- 

*TTBS®T21. TBS?&T1®. -tH^+lS^ 
raliftofc, 0.015%H,O,, 0.05% H R P * 7 --r 
D V r > y h • U ^ X y h (Bio-radtfc) . 

l6.7%>^y";i'#W©TBS?$C7-*;i/^'-^ 

ott30^fife^L/c. m t h . 7;uy S yfftOciSS 

0) . 5)'^SI*]37000 OiilFSt;:phoA-oHSA . 5^?- 
S|Sj4900O (0{aS(C)@|ESJ^ H S A. -tLT^d=-S 
IfjSlOOO OiiEtCphoA-lHSA . O tl ^ tl C ffl ^ 

f'Smt h ^m7 i\^-f \ ytK^t^miKis^t 

t^gj 1. IE at HfiLyQ7;P7^ yAcPNA^^t.- 
iE^^t hifiiy^7;u75 y AcONA* n - y 
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- J. ^CtgCLOUTECHtt© Xatli^^^^ 
fflt^/i:, XatUffl^;i«c7 r -i^^zAcUS Y1090 
5. 5 xlO* L B355e^l& ( ^Ki 7iSi6+ 1. 5 
7 4)\^^— (ADershaattHybond-H) VL^LiZ^^ 

Y zw. (lfc«l4sio'cpo/w) n-yi 

L T ^ V — ^ ^ /c (Benton & Davis 

Science 180-182(1977) ] . C03ffiOra 

- y ti^ ^ LaMo ^> (Nucleic Acids Res _2_.6l03- 
6114(1981) tc J; -,-C«[^$n/i t HUvST^l^y^ 
ycDNA<DE?!l0 ^ ^5' I^^J^^^BiS (ffl8)iB3*&0 
ATC3 K:/<fc*)l2K^' L/:<-f- K ±tSii^ ^> A T G 
3Ky©fJ®5?^U;i-^KfCOfiB^) i^y^?! 

^^) ^#t't0(HSA.l) . 248SSO^^ 'J VA^ 



«ng¥ 2-227070 (13) 

t;^o(HSfl-3) tnis^^n-dh^. ztiy>a>ro 

Sti ( r - P } ATP t'f('}:sx.^\^:t^Y^i-- 
-etm^'Xij^tz. HSA-2 TfS!40->^:f'/l'*4 
200ffl CD 8tll D — y O 0 B 4 ® O ^ n — 

y «b D N A J@93 (Bl a tlner Sc ience 
1279-1284 (1978)) C tl^EcoR I gS«TtS{t 
m^t^O'9-'9'-:/'/av HSA-2 ra-y^yx 
-f 7* 'J ^' X $ -ti- ( Southern. E. . J.flol . Biol . 
503-517(1975) ) * ^ Y ^) r ^ X L fz V ^ ^ / 
V Y\,t2r>Oif^~yi:i^h^h -(r i. 8 kb , 
1. 4 l(b , 1. 3 ItbCD:S $ T . d O O S I. 8 kb 

il. 3(cb(0:S$®77^^> yh^pUC l9-<!7^- 
tC-9-7*i^a--y^^Ufc. CO^r^D-y^ 
HSA-l iHSA-3 ^ r D -y t L.T 3 D 



-fyU^^^-fe' — i's^ CCrunstein i?J;C^Ho5ness 
Proc.NatKAcad.Sci.USAll. 3981-3965(1975) ) ^ 

*3 ;^ ^ V " y Lfc. ccoi^MHSA-s ©❖tc-'N^f 

y U / -< -6 ^ D - ^ «tll(HSA 1 -A) t^^h 
ceo^ n-y©#glD N AgSn-^SSffi^d 
i^lSSffl-^^ ^-ftl3Dpl8 *?J;C5dp19 BF-ONA ±t: 

y ^ (Sanser.P. . Nicklcfl. S. Coulson, A.R. 

Proc. Natl. Acad. Scl.USAli. 5463-5467 (1977) ) K 

J; 0 iSSS^d^yiSLfc. -:^HSA-2 *yo-y 

tLX'a r>fz I gillie D-yoy7-^'/^-fyy 

-tf- i/ 3 y •>/i-^i'€4i/i 
^ D - y CO -3 •&20facoi^THSA-l *yn-yi 

t T n y 7 - ^ ^ 7* y -fe' - V/ s y * If . 

I licDFi14CD -'I' o-y^s til 

(HSA-D) ^^tz. cn*-b7r-v^'DNA*8i 

a LEcoff I r^{t^coi^THSA-i $ y n - y i 
T ffl -y- "9' - y y V ^* ^ -fc' - •> B y * 
i.25iibco 7 7 y h (HSA- n ) 6< y a - y i ^^ 



y h C0lgSEJ!l€5^'< + Ud"^ Y ^ - 

\ if^- i/ s ymxik%\^fz. HSA- n «HSA.3 y a 
- y i « ^ y V ^ X I. « A> 7 . c CO ^ M 

HSA- n Cz/l^jfeJafS* 3 - Yt 

^S. HSA- I-A«b Hfil?0 7;i/y5 y07 \ J ^ 
^m^^ - Yt ^^irt^X% ^ ^hlZ 304SiO 
-tUy^^-Kr-S^Ky (TCA)3!»<a38Rt*it 
3 K y ® 3*- >'^• - ^l' 3 K y T C A iC SE T * c 
tii^f^t^r,fz^ CCZ)2-PCDDNA77^/'VhCD 

IE t!! « {J S S fc* &^ « S e ^> 1^ /c . 
^^gS!2. ye X 5 Kp»C-phoA(Oftgi 
:^QSS7^i/*yt4*^7T^^"-*fp->/t/i'-< 

y^ - Kf *^t^^*D N Aie?3$ y 
7 :^ 5 Kpuc-phoA^i>:0«acUTftsat^. 

:^5aS7/i'*yt4*X7.r^--l:®*>^^^i'^ 

yf- K-^a - K-r «T8e®i|gSKJd*w-r 5 o n 
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Ecoff I 30 

AA TTC ATC AAA CAA AGC ACT ATT GCA CTG 

G TAC TTT GTT TCG TGA TAA C6T GAC 

Bet lya Gla Ser Tbr lie Alo Leu 

60 

GCA CTC TTA CCC TTA CTG TTT ACC CCT CTC 

CGT GAG AAT CGC AAT GAC AAA TGG GGA CAC 

Ala Leu Leu Pro Lea leu Phe Tbr Pro Vol 

Nae I 

ACA AAA CCC GGC G 

TGT TTT CGG CCC C TT A A 

Tbr Lys Ala 

Rpa n BcoB I 



^t^u-^r^ tG^r 5Q&®7 5 y ea (2is 

3- Kt « D N Aie^Ht^Sffiiifi 

:*-f-K;&^t»^5DNA«H2*li Caruthers ^» 
(Raiteucci .R.D.and Caruthers* H.R. Tetrahedron 



?5ra¥2-U27070 (14) 
letters 21.719(1980)) C ^ ^0 tit: ^ X ^ 

75/>f hte«fi5ffltyS:aifcDN A^«©(Applied 
Bioaysteos* -r /U380B) * ffl tvT ^fiK * *t • ^ 

(pH7. 6) . lOoH HcCfi . SonC/'J-yt Xv ^ V 

4'TP5^0D N AtlCD^.-^ 0^)-a (21paole3) * 
6 Hii© T 4 V 51 ^ u ^ K + t - ■«: (SrBit 

*j 5 ' as* 'J ymitt^f^. 

ift^il-tf (2t lOO*J)100t 0;)c?Scc An. rf^^^-C 
u/i 2 *«i V ym^t D N A* pUC 19r 7 X $ KtC 

Tft -SpUC 197*7 :^ 5 K^EcoR I T »r Si 5 ' ^ 

sgo'j yKS*»ir5c:iKj;0DNA»;^- 

CtA<T*«. lw®pUC 19 DNA^ f CrS®20A/ 



(50dH HaC^ . lOOnM Tris • HC£ CpH7. 5 ) . 7 
dM HsC £ 1 s 8 0(4©EcoR I ( ^ v ^ - V ) } 

^-DNA^t^y;:, C OSfi5?S?fi€90t . 5 ^te 

r'J77n'*y{5*X7r^--erl^f4 (Siiii 

ti ia^ i£ t T iJ: <z) Sfis cc ffl » 

K :^^^t$nyS:pUC 19-<;7 (30ng) i i/ 

A (lOod) *2.8^a[<OT4 OKAV (5®©) 
$^t;irt-30/rfCDRe;?S?a (66oH Tris • HC£ (pH 
7. 6 ) . 6. 6 oH HgC £ I s lOofli^ X 7 h - 
1 oH ATP) tl'TlSt . 4 i^Peiias Lifi^X-r 

lg{b* A' <^ -i^i* (Handel.H. RCXHUa, A..J.H0I. 



Biol. ia. 159- 162(1970)) J; 0 * +1 4 . ^ 
(4: 0^1 C « A as® (fc<t:H.tfTB-l«E) ©-^felSSifi 
(3^^iSlfe4>. /ci^tf 7 (LB) iSlfe] * 
^ lOOmfSS? OD 600*<0. 6 tZ^S * ^ 

T37t "CIS i 5 iSS t 1. 5 afi* 5,000rpo. 5 i^iS 
'C^LxaSt^. 750/J©50dH CaC£, C 

PiJio. 7K±K:2o^jacSL/c^ja/C^tc <fc omsi. 

/i. I#^^n/cit^« 100*/®50dR CaC£, CTi^SSi 
li|K© D N A ;y--fe-SJfi!;i«*JinA. iKi 
tC 405)'J!aSU/c. 42XT 1 ^^aU/;:^. 1 a£ O 
L Blglfe^jtJD^s 37-CT30^CSSt A:. C © -5 B 
0. 1 n«*25i«/nC. 7 f ij y ^ fX-Cal % 
5^^516 (5-ya^-4-^aa-3-^yK»; 

- ^ - D - ;y 7 ^' h •> K ISSogs h 'J r h yiO 
ffs NaCi 8 g. Olfco 35^12g*^l £ ?S 
LpH^ 7. 4 C L/C t)©) ±tlSg7nL. 371CC-5& 

osjatfe. 3 D i-© -5 Bfife* 

Mr S 3 a ^-^a&l.. ISIf LC>3SE^^t|fetCf^L. 
-^^SSL/c, 't©555^iSJfe*-^»@«t$-a^g: 
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I. 5 i^©-^*SO®*S'C^l^T£l^ rfx^ 
K D N A <0 ^ 7* U'/^ •> G (BoolotU 
(^Holeculor CloolaotA Loborotory Rooiia 1 > 1382 ) 

fimfSi^^ (/c&x(^EcoR I .Nee I . Hpo n ^<C 
StEJ^^'S^KKT 4 y^ixtf Pvu I .Bfi£ I . 

Sap I «<!rRat^n«9©ia^-fr) Twef r^f 

0. t^AD N A®fi$* iSW«iQADNA 

DNA*^t-DNA7-7//' >' h ^ H13dp 7 t 
- D N A HKIflii^v i/'r ;^ + •>ffi(Sao8er. 
F, Nicklen, S C^Corl son, A . R, Proc. Na 1 1 . Acad. 
Sci, U.S. A. 74. 5463- 1564 (1977)) C <t T 5? ^ U 

phoAr 7 ^ 5 y iWi'&Lft, 



2-227070 (15) 

i^^gJ3. r^XS KoUC-phoA-BSfl-flg)^^ 
(S37 - 1 S-07 - 2S) 

Lfc^y/N'^^*3 - KTiDNA^^Or^x 
5 KpUc-phoA-HSA-fl^ iJcoigK: UTit© uy::. 

t hJ5fcOHA7 ^ •/ 7 >; ^>^^y::HSAcDHA * 

-tt;^ a - y >l atll (HSA-O) A>i2>Eco8Ii Xba 

pUC I9r 7 X 5 K OEcoR I t Xba I i £D - S 

^--tr^ffll^TtS^$-ii:ia^xr7X 5 KpUC- 
BSA-EX$IOI5U/c. 

c:<:Dr7 X ^ K3!>>^> Aha in i sai i orst^^t 

A^ yA^ir©12§g0L y s 356§S© 
Th ri-C*a - Kt*. «^E?^t HIIiyOT^I' 

iOte^ $*0@-r S «)tc: 5 ' ^StCffl^rSDNA 



;ur-5 c iCJ;0f1^fiRU/io co^^DNAie^fl 
3 - K r -5 D N Ai2?ll tiS^T § « <fc Hpa 

cla I K^wiffcc J; ^ T^r s?fi^^ff§ee 

^yA^'y/N*^©0l#i©7^y^As pA^*b 
Tt^i. c ©r -tt y:: D N Ase^dt;: T 4 

y©^L$*/c (>©<i:. pUC.HSA-EX;&> t;/;: Aha 
i/ Sal I Z^Bmit^t^m^L. ^^iZZtltZ 

||W«<>©© — OpAT l53(ADershaDttax TbIcb. 
A. J. Sherrotl.O.Hature 283 .216-218. 1980) 
© Clal / SalI©±Sm^fc^©'i-5^©«77 

/ / yhiriS^Ux co3^f^T4 0HA')/r--fcrK: 

.fcO^^^-tx Ifi^;^^?^^ KpAT-HSA-CX*^^ 
fc. ^©7*7 X ^ K±*TlEfe t HHyDT^I'T' 5 
A©l{l©7$>'^As p*^<blHa©75yK 



Phe^a-Kr-SD N AKJil*^':''^*^-:^ A:. 
pAT-HSA-CX^ BcoR I / Xba I T— Sr^^tUs E« 

t nfiLver ^i/r s y AOAspi-Phesse* 3 - K-r 

5DNAffi?0*#t'/h$V^^©77i3^> ^h^l^ 
ft, 

-^KSA-A © /l/ i^n/^fedafi^^ 3 - K f « 
cDNA li . t h fff cONA 7'<7'7'i-/-35^^>t§/c^D 
- y ^gtlKHSA I -A))*>^>^3!tcDKAe2?fI©IOA$ 
tlTt^-SBcoR I. 7 7 y h 4I^SaC.. pUC 18 7* 
7X5 K © Ecofi I ^ ^ hCCf9At"5CiC<fc*)ia 
©;ir7 X 5 KpUC-HSA-l tp^i^a-^. y^^Lft. 

HSA-A ©35B§a©75>'fiSLcu3!)> 
hi) f^^^^ \/ ^^5^33© 585S@ ©Le u€3-K 
$<btC3' {ia©lfa!RIIia62X ^ l^;*-^ K$ 
Xba I /HindID © -ST^{b^*iraSS L^C* C 
pAT-HSA-CX<fc ♦) ^/SEcoB I / Xba I — Sr^^t 
^ftO^pUC 18©EcoR I /HindDI — Qj^ftfe© ^ 
±kUy V ir / V \ t S-tfTT4 DNA V *'--fCC cfc 
0 iQ^SSa;* frV^v fi!c.?!iE^sft h ifii -ffl 7 7* 5 y 
A©cONA^«:^^da©;tr 7 X 5 KpUC-HSA-CH 
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^tzi^tCs pUC-HSA-CH$ BcoR I / CI a I T U . 
pUC-phoA^EcoR I / Hsp I (Hpa D <»: Is] I; © »a ffi 

•tt/c. cntcct *)fsS5$ n/cr^ ;^ ^ Kpuc-phoA 

-HSA-Ati. 217 5 y (b ^ 5 phoA •> fU^-f 

D N AK?d*^^. :^asffl 

HBlOl «EtC^?ffitC J; *) ?^®Ocm«£TajA$ n^' o 

^^g<l4. 7-^X5 KoAT-trp-phoA> HSA-Ag)f^93 
pAT-pboA-HSA-A$ L/Tii^Ly;:. t r p 



?JB8¥2-22707n (18) 

*fflV^Tphofl-HSfl-flcDHfl<oa^ffi^^ ^ -4f^^. 
Lfc. C <0 J: -5 ^ ^ LTii^xlfph-T»P 
(Ikeharc^s Cheo. Pharo. Bu 1 1 e 1 1 o P35l]4i) 

d ntipBR322'<^ ^-tCt r p r u ^ ~ - 
itrpLO S Dee3^(l36<SJA* tlT^^i 4>0'Cfe«» 

f^^ L /;:.pATl53(ADer3haD Th i gg , A . J . and 
Sherratt.D. Nature 283 .216-218(1980)) ^ 2S * 

if ph -INF^^trprD^-:? -/irpLSDKJlI 
Pst I / Cla I O - S?^^fc^^pAT153CD[31 

«:^(D77^^/:^KtiK^-rtLtf^os&5tiiefiR 

$n-5, C O LT{^^$ nfcpAT-trp -< ^ ^ - 

s DS^ooTtstc 1 ^fljr$> * Cla I maeuiiryj 

ttDNA^ SallTt^fLL/i. iiT*^*bn4;^ 



&ti:^©77^^> X h ^ phoA-HSA-AcONAi Ot« 
-:J5pUC-phoA.HSA- A^EcoR I /H I nd IB r S 

itt ^ z t(zj^*) !^i:.ftfb^i^:^0y ^ ^ / y h 

(phoA-HSA-AcDNA ^^^tV) ^ pAT153CD EcoR [ 
/Hind ID (D-'^mit^O ^B±§l^^07v^>' 
y h ti^'&l/ia^ir^;^ ^ KpAT-phoA-HSAJ£|^ 
fz. C: n^EcoR I -Cti^t UTHfiStt D N A i L/C 
m;*;ft5SDNA;ie';/7--«fI*itffl$*T^53 

o-^issi^^tiJC)/;:^, Sal I T^aiL. /^3 

^^^©77^/yh ^phoA-HSA-A cDNA € # C* HI 

^ i tTElitSlt ^. ^ <D 7 7 ^> :^ h *B>Ii£® 
pAT-trp '<^'^"i5St©77/> y 
^;Lr 7 5 KpAT-trp-phoA-HSA-A^ ^^yi, 

CeOOttECCSJAL'. J^HGc^ttEL- coli HBlOKpAT 
- trp-phoA-HSA-A)&C;C600(pAT- trp-phoA-HSA-A) 

ZO^mOlE-^^ YUmr Jl^V ^ yA^a-K 
T*cONAr£^Wr «lft^r 7 X 4 KpAT-trp-phoA 



-HSA-A^ 5:^115 SC600 (pAT-trp.phoA-HSA- A) 

SF^9874^.(FERM P-9874) i U T fi£ $ H . 

^liaii. ;$:^?qotHIiL;?0 7;u7'5v»r)^'* 
3-Kf*DNA © rtHet(123) A I a (151) ^ 3 
- K-rS'&^DN AOi®^K3?liac^Ml£'ri7 5 

^ 2 cDNA^' D - y ^ fttll (HSA- I ) <b 

r 7 3^ 5 KpUC-HSA- I SlC^pSAL D^ltfiStiSS^^ 
f . 

S30lt. :^^m<D^^r V 7^ ^ KpAT- trp- 
phoA-SAL n©it33iafi*^'f. 

a.4iatt\ 7*7;^. 5 KpAT-trp-phoA-SAL D ^) 

7/u7'5i^K«=iSfi5L.^gd@*^T. 
m50rt. cDNA© U - - :^ U ^ 3 

®gi©r a-yoJgsBe^^ii^^-r, . 
LxojEi^^ n!arQ7/i'7'5 yA©^($t*3 - K 
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r ^cDNA(HSAcDNA} . ^ C C CD cDNA O ift j£ % 
ffl^Ht:. 3' ^5affi!*3- Kr«cONA(HSA-IA) 
*flHa*3- Kr «cONA (BSA-D) O (B! 

m 8 - 1 S-ll 8 - 3 
martr^uT'^ :/ AO±i^^ D - K t* -ScOHAOia 

^Qiatir^X? KpUC-phoA-.HSA ^U^pAT- 
trp-phoA-«HSA ® it 5$ O jQ € ^ 1" • 

SBlOatir^:^ 5 KpUC-tflSAS.CfpAT-trp-tHSA 

SSUEItir^XS KpAT- trp-phoA- tHSA © 5J 

lftl2BIti. r^;^^ KpAT- trp-phoA-«HSA( U- 



»Ba¥ 2-227070 (17) 

y 4 ) . pAT-lrp-tBSA ( U - y 2 ) . ftCfpAT- 
trp - phoA - IHS A (U-yS) ;&-t»©%m^fiSt1J5® 

;^ + 'j 7 --fe- B (^^^ 194,000) ^ •>ita 

/i-y 5 y C 167.000 ) . /u 7' 5 y 
(^^143.000 ) . ^g8Htt;K3e8*5R (5^^130.000) . 
h 'J r •> >' y t t-^ - ( ^^ 120.000 ) > 
BLCf7^ h7^l'7'5y (^^114.400) rh^. 

tlpAT- trp-«HSA ( U - y 1 ) . pAT-lrp- 
tHSA ( U- y 3 ) pAT- trp.phoA-tHSA ( ^ 2 ) 

0. K-t H!lirt7;i/y$yrn:<*^<i:SJCoL/cgQ 



Bag HI 

cm TCC ATG TCC ACC OCT TTC CAC CAC 
C TAC ACG TCG CGA AAC GTC CTC 
H«t Cys Thr Ala Pha Hla Aip 

(123) 



AAC GAA GAA ACC TTC CTG AAA AAA 
TTC CTT CTT TCG AAC GAC TTT TTT 
Am Gltt Clu Thr Ph« L«u Lyi Lya 



TAC CTC TAC GAA ATC CCT CCT CCT CAC 
ATG GAC ATC CTT TAC CGA CCA CCA CTC 
Tyr Leu Tyr Glu II« Ala Ar9 ktq Hli 



Hpa II 

CCC TAC TTC TAC CCT QCC G 

CGC ATG AAC ATG CGA CGClCTT GAC CAC AAC AAC G 
Pro Tyr Pha Tyr Ala Pro | Glu L«u L«u Pha Pha Ala 
(151) 



^ 1 121 
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MB?I¥ 2-227070 (19) 



Q. 

a CL 



MrxlO 

^® " = = 

20 — ~ 



H5A -1 5' -AAGGGAAATAAAGGTTACCCACTTCAT TGTGCCAAAGGC - GT 
(1 g^i'u^f^K) 



HSA -2 5'-AAGGTCCGCCCTGTCATCAGCACATTCAAGC AGATCTCC - 3' 
Gly248--'Leu260C4a^7S«« 



H SA -3 5'-T AGATGTTAT AAGCCTAAGGCAGCTTGACTT GCAGCAAC - 3' 

Va)l576-Leu585-3'^Br^««iwffi^7ft«« 

(63i27U5ff^K) 



^ 5 0 
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?5Ra¥2-'J2707l» (20) 



500 



1000 



1500 



2000 



^9^" EcoRI 



EcoRl 



Hindlll , 
3 



TGA 



HSAcDNA 



EcoRI 



H5A-IA 



H5A-II 



EooRI ^9^^' 



^ 6 m 



7f 




-614 - 



«Rg¥ 2-227079 



0 




Asp Ala His Lys Ser Clu Val Ala His Ar? Phe Lys Asp Leu Gly Glu Glu asn Phe Lys Ala Leu Val Leu He 
GAT GCA CAC AAG AGT GAG GTT OCT CAT CGG TTT AAA GAT TTG GGA GAA GAA AAT TTC AAA GCC TTG GTG TTG ATT 

50 

Ala Phe Ala Gin Tyr Leu Gin Gin Cys Pro Phe Glu Asp His Val Lys Leu Val Asn Glu Val Thr Glu Phe Ala 
GCC TTT GCT CAG TAT CTT CAG CAG TGT CCA TTT GAA GAT CAT GTA AAA TTA GTG AAT GAA GTA ACT GAA TTT GCA 



Lys Thr Cys Val Ala Asp Glu Ser Ala Glu Asn Cys Asp Lys Ser Leu His Thr Leu Phe Gly Asp Lys Leu Cys 
AAA ACA TGT GTT GCT GAT GAG TCA GCT GAA AAT TGT GAC AAA TCA CTT CAT ACC CTT TTT GGA GAC AAA TTA TGC 

100 

Thr Val Ala Thr Leu Arg Glu Thr Tyr Gly Glu Met Ala Asp Cys Cys Ala Lys Gin Glu Pro Glu Arg Asn Glu 
ACA GTT GCA ACT CTT CGT GAA ACC TAT GGT GAA ATG GCT GAC TGC TGT GCA AAA CAA GAA CCT GAG AGA AAT GAA 



Cys Phe Leu Gin His Lys Asp Asp Asn Pro Asn Leu Pro Arg Leu Val Arg Pro Glu Val Asp Val Met Cys Thr 
TGC TTC TTG CAA CAC AAA GAT GAC AAC • CCA AAC CTC CCC CGA TTG GTG AGA CCA GAG GTT GAT GTG ATG TGC ACT 

150 

Ala Phe His Asp Asn Glu Glu Thr Phe Leu Lys Lys Tyr Leu Tyr Clu He Ala Arg Arg His Pro Tyr Phe Tyr 
GCT TTT CAT GAC AAT GAA GAG ACA TTT TTG AAA AAA TAC TTA TAT GAA ATT GCC AGA AGA CAT CCT TAC TTT TAT 



Ala Pro Glu Leu Leu Phe Phe Ala Lys Arg Tyr Lys Ala Ala Phe Thr Glu Cys Cys Gin Ala Ala Asp Lys Ala 
GCC CCG GAA CTC CTT TTC TTT GCT AAA AGG TAT AAA GCT GCT TTT ACA GAA TGT TGC CAA GCT GCT GAT AAA GCT 

200 

Ala Cys Leu Leu Pro Lys Leu Asp Glu Leu Arg Asp Glu Gly Lys Ala Ser Ser Ala Lys Gin Arg Leu Lys Cys 
CCC TGC CTG TTG CCA AAG CTC GAT GAA CTT CGG GAT GAA GGG AAG GCT TCG TCT GCC AAA CAG AGA CTC AAG TGT 
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Ala Ser Leu Gin Lyo Phe Cly Glu Arg Ala Phe Lys Ala Trp Ala Val Ala Arg Leu Ser Gin Arg Phe Pro Lyo 
GCC ACT CTC CAA AAA TTT CGA GAA AGA GCT TTC AAA GCA TCG GCA GTA GCT CGC CTG AGC CAG AGA TTT CCC AAA 

250 

Ala Glu Phe Ala Glu Val Ser Lys Leu Val Thr Asp Leu Thr Lya Val Hia Thr Glu Cys Cys His Gly Asp Leu 
GCT GAG TTT GCA GAA GTT TCC AAG TTA CTC ACA GAT CTT ACC AAA GTC CAC ACG GAA TGC TGC CAT GGA GAT CTG 

Leu Glu Cys Ala Asp Aap Arg Ala Asp Leu Ala Lys Tyr lie Cys Glu Asn Gin Asp Ser He Ser Ser Lys Leu 
CTT GAA TGT GCT GAT GAC AGC GCC GAC CTT CCC AAG TAT ATC TGT GAA AAT CAA CAT TCG ATC TCC ACT AAA CTG 

300 

Lys Glu Cys Cys Glu Lys Pro Leu Leu Glu Lys Ser His Cys He Ala Glu Val Glu Asn Asp Glu Met Pro Ala 
AAG GAA TGC TGT GAA AAA CCT CTG TTC GAA AAA TCC CAC TGC ATT GCC GAA GTG GAA AAT GAT GAG ATG CCT GCT 

Asp Leu Pro Ser Leu Ala Ala Asp Phe Val Glu Ser Lys Asp Val Cys Lys Asn Tyr Ala Glu Ala Lys Asp Val 
GAC TTC CCT TCA TTA GCT GCT GAT TTT GTT GAA ACT AAG GAT GTT TCC AAA AAC TAT GCT GAG GCA AAG CAT CTC 

350 

Phe Leu Gly Met Phe Leu Tyr Glu Tyr Ala Arg Arg His Pro Asp Tyr Ser Val Val Leu Leu Leu Arg Leu Ala 
TTC CTG GGC ATG TTT TTG TAT CAA TAT GCA AGA AGC CAT CCT GAT TAC TCT CTC GTG CTG CTG CTG ACA CTT GCC 

Lys Thr Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro His Glu Cys Tyr Ala Lys Val Phe Asp 
AAG ACA TAT GAA ACC ACT CTA GAG AAG TGC TGT GCC CCT GCA GAT CCT CAT GAA .TCC TAT GCC AAA GTG TTC GAT 

400 

Glu Phe Lys Pro Leu Val Glu Glu Pro Gin Asn Leu He Lys Gin Asn Cys Glu Leu Phe Glu Gin Leu Gly Glu 
GAA TTT AAA CCT CTT GTG CAA GAG CCT CAC AAT TTA ATC AAA CAA AAT TCT GAG CTT TTT CAC CAG CTT GGA GAC 



Tyr Lys Phe Gin Asn Ala Leu Leu Val Arg Tyr Thr Lys Lys Val Pro Gin Val Ser Thr Pro Thr Leu Val Glu 
TAC AAA TTC CAC AAT GCC CTA TTA GTT CGT TAC ACC AAG AAA GTA CCC CAA GTG TCA ACT CCA ACT CTT GTA GAC 

450 

Val Ser Arg Asn Leu Gly Lys Val Gly Ser Lys Cys Cys Lys His Pro Glu Ala Lya Arg Met Pro Cys Ala Glu 
GTC TCA AGA AAC CTA GGA AAA GTG GGC AGC AAA TGT TGT AAA CAT CCT GAA GCA AAA AGA ATC CCC TGT CCA GAA 

Asp Tyr Leu Ser Val Val Leu Asn Gin Leu Cys Val Leu His Glu Lys Thr Pro Val Ser Asp Arg Val Thr Lys 
GAC TAT CTA TCC CTG GTC CTG AAC CAG TTA TGT CTG TTG CAT CAC AAA ACG CCA CTA ACT CAC AGA GTC ACA AAA 

500 

Cys Cys Thr Glu Ser Leu Val Asn Arg Arg Pro Cys Phe Ser Ala Leu Glu Val Asp Glu Thr Tyr Val Pro Lys 
TGC TGC ACA GAG TCC TTG GTG AAC ACG CCA CCA TGC TTT TCA CCT CTG GAA GTC GAT GAA ACA TAC GTT CCC AAA 

Glu Phe Asn Ala Glu Thr Phe Thr Phe His Ala Asp He Cys Thr Leu Ser Glu Lys Glu Arg Gin He Lys Lys 
GAG TTT AAT GCT GAA ACA TTC ACC TTC CAT CCA GAT ATA TCC ACA CTT TCT CAG AAG GAG ACA CAA ATC AAG AAA 

550 

Gin Thr Ala Leu Val Glu Leu Val Lys His Lys Pro Lys Ala Thr Lys Glu Gin Leu Lys Ala Val Met Asp Asp 
CAA ACT GCA CTT GTT GAG CTT CTG AAA CAC AAG CCC AAG GCA ACA AAA CAG CAA CTG AAA CCT GTT ATC GAT GAT 

Phe Ala Ala Phe Val Glu Lys Cys Cys Lys Ala Asp Asp Lys Glu Thr Cys Phe Ala Glu Glu Gly Lys Lys Leu 
TTC GCA GCT TTT CTA CAG AAG TCC TGC AAC GCT GAC GAT AAG* GAG ACC TGC TTT CCC GAC CAG GCT AAA AAA CTT 

Val Ala Ala Ser Gin Ala Ala Leu Gly Leu End 
GTT GCT GCA AGT CAA GCT CCC TTA GGC TTA TAA 
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Specification 

1. Title 'of Invention: 

Human serum albumin fragments 

2. Claims: 

1. Human serum albumin fragments, from the center part 
of human serum albumin. 

2. A fragment in accordance with Claim 1 which has the 
amino acid sequence from the methionine in the 123rd 
position of human serum albumin to the proline in the 303rd 
position. 

3- Fused proteins, consisting of central parts of 
human serum albximin and other polypeptides, 

4. Fused proteins in accordance with Claim 1, 
consisting of signal peptide of coliform bacteria alkaline 
phosphatase and polypeptides which have the amino acid 
sequence from the methionine in the 123rd position of human 
serum albumin to the proline in the 303rd position. 

5. Human serum albumin fragments, lacking the C 
terminus part of human serum albumin. 

6- A fragment in accordance with Claim 5 which has the 
amino acid sequence from the aspartic acid in the 1st 
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13. DNA sequences which encode the protein fragments 
mentioned in Claims 1, 5, or 9 or the fused proteins 
mentioned in Claims 3, 1 , or 11. 

14. Plasmids containing the DNA sequences mentioned in 
Claim 13. 

15. Plasmids mentioned in Claim 14, which are 
expression plasmids that have control sequences for 
efficiently expressing the said DNA sequences in a host, 
upstream in the aforementioned DNA sequences. 

15. Hosts, the characters of which have been 
transformed by the plasmids mentioned in Claim 14. 

17. A method for manufacturing human serum albumin 
protein fragments or fused proteins containing the said 
fragments, characterized in that human serum albumin protein 
fragments or fused proteins containing the said fragments 
are expressed by culturing the hosts mentioned in Claim 16, 
and in the case in which fused proteins are expressed, the 
said human serum albumin protein fragments are cleaved from 
the said fused proteins as desired. 
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eventually liberated from the albumins, pass through the 
capillary walls, and are dispersed, thus arriving at their 
sites of activity. Albumins have little toxicity and low 
antigenicity; they are easily decomposed in the body. They 
can be easily covalently bonded with drugs and formed into 
complexes. They have the advantages that they have excellent 
characteristics as substrates for drug delivery (drug 
carriers), and for many of them, bonding sites with various 
drugs have been determined or are suspected, so that they 
can be easily designed for the manufacturing of 
pharmaceutical preparations . 

Fundamentally, almost all suspected bonding sites with 
many drugs are contained also in human serum albumin 
fragments, and are thought to be able to show activities as 
drug carriers. When used as carriers, etc., in transport and 
delivery systems for drugs, etc., from the point of view of 
limiting bonding ability with drugs, etc., it is predicted 
that it is more advantageous to use fragments of human serum 
albumin molecules, rather than the whole molecules. 

In general, as methods for preparing fragments of 
proteins by cutting them, methods of using chemical 
substances such as cyanogen bromide or proteases such as 
trypsin, pepsin, etc. [to cut] proteins are known. However, 
in these methods, since the cutting sites are necessarily 
determined by the amino acid sequence of the proteins, it is 
not possible to cut them at any arbitrary desired site, and 
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fragments which is characterized in that, by culturing the 
aforementioned hosts, human serum albumin protein fragments 
or fused proteins containing these fragments are expressed, 
and in case the fused protein fragments are expressed, the 
said human serum albumin protein fragments are cut from the 
said fused proteins as desired. 

Concrete Explanation of Invention 

The cDNA which encodes normal human serum albumin A has 
already been cloned (Public Patent Application No. 63- 
037453). Therefore, using this cDNA, it is possible to 
manufacture any desired fragments of normal human serum 
albumin A by genetic engineering methods. 

This invention provides, as such fragments, (1) serum 
albumin fragments from the central parts of human serum 
albumin; (2) serum albumin fragments lacking the C-terminus 
of human serum albumin; and (3) serum alb\imin fragments 
lacking the N- terminus of human serum albumin. For example, 
this invention provides, as examples of albumin fragments 
from the central parts of human serum albumin, albumin 
fragments which contain the amino acid sequence from the 
methionine in the 123rd position of human serum albumin to 
the proline in the 303rd position; as examples of albumin 
fragments lacking the C-termini, albumin fragments which 
contain the amino acid sequence from the aspartic acid in 
the 1st position of human serum albumin to the proline in 
the 303rd position (these are sometimes called "mini-HSA"); 
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of diazepam, warfarin, and bilirubin are, respectively, 
Lysl95 and Hisl46, Argl45 and Trp214, and Lysl99 and Lys240. 
On the other hand, the bonding sites for long-chain fatty 
acids such as palmitates appear to be in the C-terminus 
region [Reed, R. G., Feldhoff, R. C, Clute, 0. L. and 
Peters, T, , Tr. Biochemistry, 11, 4578- (1975); Berde, C. 
B., Hudson, B. S., Simoni, R. D. and Sklar, L, A., J. Biol. 
Chem., 25A, 391- ( 1979)]; if the human serum albumin 
fragments from the central part of human serum albumin, or 
the human serum albumin fragments with the C-termini 
missing, of this invention are used, long-chain fatty acids 
cannot be bonded, and the production of drug carriers which 
can bond with diazepam, warfarin, etc., becomes possible. 

Human serum albumins are high-molecular-weight proteins 
composed of 585 amino acids; they have 35 cysteine residues 
in their molecules, among which only the cysteine residue 
located closest to the N-terminus side (Cys-34) is present 
in a form which has a free SH group; the others form 
disulfide (S-S) bonds with each other; a total of 17 S-S 
bridges are formed in the molecule. It has recently been 
demonstrated that at least 2 enzymes [peptidylprolyl cis- 
trans isomerase and protein disulfide isomerase (PDI)] 
contribute to the process of forming higher-order (steric) 
structures of protein molecules; it is the latter, PDI, 
which plays an important role in forming S-S bridges. In the 
cells of mammals which produce serum albumin, PDI acts in 
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which can exhibit these characteristics are included, in the 
scope of this invention. For example, the range from the 
methionine in the 123rd position to the proline in the 303rd 
position was given as an example of the central part in 
which drug bonding sites are concentrated; the central part 
is not, however, limited to this range, but may be longer or 
shorter than the 123rd position to the 303rd position, as 
long as most of the drug bonding sites are included in it. 
Moreover, the range from the 304th position to the C- 
terminus was given as an example of the C-terrainus region in 
which long-chain fatty acid bonding sites are present and 
which must therefore be removed, but it is not limited to 
this example; the range may be longer or shorter, as long 
as it contains the long-chain fatty acid bonding sites. 
Furthermore, the range from the N- terminus to the 122nd 
position is given as an example of the range of the.N- 
terminus, which contains many cysteines and which therefore 
must be removed, but it is not limited to this range; it 
may be longer or shorter, as long as it is an N- terminus 
region which contains the cysteine in the 34th position. 

Therefore, various albumin fragments can be designed, 
by referring to the following conditions, and fall within 
the scope of this invention. The essential condition for 
designing human serum albumin fragments is that fragments be 
selected which can be expected to retain steric structures 
required for bonding specific drugs. The points which need 
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inside the 5' end or 3' end of the cDNA region which encodes 
the target protein fragment and the missing end code 
sequences are made up by chemically synthesized DNA. 
Otherwise, the cDNA can be cut by a suitable restriction 
endonuclease outside the 5' end or 3' end of the cDNA region 
which encodes the target protein fragment, and the excess 
DNA part is removed by an exonuclease. Of these two methods, 
different methods for processing the 5' end and the 3' end 
can be combined. 

In the example of this invention, as the DNA which 
encodes the protein fragment composed of Met ( 123 ) -Pro( 303 ) 
in the amino acid sequence of normal human serum albumin, 
synthetic DNA which encodes Met ( 123) -Ala ( 151) (Fig. 1) and 
cDNA which encodes Pro{ 152 ) -Pro ( 303 ) (the part shown in [ 
] in Fig. 8-1 to Fig. 8-2), bonded together, are used. As 
the DNA which encodes a fused protein of the signal peptide 
of alkaline phosphatase and mini-HSA and which is used [in 
this invention], the DNA which encodes the signal peptide 
from alkaline phosphatase and human serum albumin A from 
Aspl to Prol52, from the plasmid pUC-phoA-HSA-A, which 
contains the DNA which encodes the fused protein [composed 
of] the signal peptide of alkaline phosphatase and the whole 
length of the human serum albumin molecule, already 
described in Public Patent Application No. 63-037453, is 
fused with the DNA fragment which encodes Glul53-Pro303 , cut 
from the plasmid pUC-HSA-I', already described in Public 
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according to the host. In expression plasmids in bacteria, 
the DNA which encodes the human serxuu albumin fragments or 
the fused proteins which include these fragments are placed 
at the base of the expression-controlling region, which 
includes a promoter and an SD sequence. For example, one can 
use trp promoter, lac promoter, lambda phage promoters (Pr/ 
Pl) , tufB promoter, or rrnB promoter, or hybrid promoters, 
[composed] of these. 

The transformation of the characteristics of the host, 
e.g., the coliform bacteria, by the expression vector, e.g., 
the plasmid, can be performed by the usual methods. The 
culturing of the coliform bacteria is performed by the usual 
methods. In order to produce the target proteins, after the 
coliform bacteria have multiplied to a specific level, the 
expression of the target genes is induced by performing an 
induction treatment. The method of the induction differs 
with the promoter being used; for example, when trp 
promoter is used, the induction can be performed by adding 
3-/3-indole acrylic acid to the culture medium. 

In cases in which coliform bacteria are used as hosts, 
the target protein is accumulated primarily in the cells. 
Therefore, in order to recover the protein, the cultured 
bacteria are first collected and washed, if desired, after * 
which they are resuspended in water or a buffer solution and 
the cells are destroyed. Since the target protein is 
contained primarily in the insoluble fraction, the insoluble 
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central part of the human serum albumin have the advantages 
of both of these. 

Next, the manufacturing of the human serum albumin 
fragments of this invention will be explained concretely by- 
means of actual examples. 

In the actual examples, unless otherwise specifically 
mentioned, the enzyme reactions for treating the DNA were 
performed under the following conditions. 

Restriction enzyme reactions 

In the cases of Msp I (Nippon Gene Co., 10 units/pl), 
BamH I (Nippon Gene Co., 35 units/pl), Cla I (New England 
Biolabs, 5 units/pl). Hind III (Nippon Gene Co., 12 
units/pl), and EcoR I (Nippon Gene Co., 12 units/;jl): 
sterile distilled water was added to I jjq DNA, 1 ;il enzyme, 
and 3 pi lOX EcoR I buffer solution [1 M TrisoHcL (pH 7.5), 
100 mM MgCl2, 500 mM NaCl] to make 30 pi- The temperature 
was held at: 37 *C for 1 hour, to complete the cleavage. In 
the cases of Sal I and Xba I (Nippon Gene Co., 15 units/pl), 
in place of the lOX EcoR I buffer solution, 100 mM Tris-HCl 
(pH 7.5), 70 mM MgCl2/ 1.75 M NaCl, 70 mM 2-mercaptoethanol , 
2 mM EDTA, and 0.1% bovine serum albumin were used. 

In the cases of Pst I (Nippon Gene Co., 12 units/pl) 
and Sph I (Takara Shuzo Co., 10 units/pl), the concentration 
of the NaCl was doubled. 
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polynucleotide kinase (Takara Shuzo Co.) to perform the 5'- 
phosphorylation. The solutions containing the phosphoirylated 
fragments are mixed (total 100 pi) and kept for 5 minutes in 
a 100**C water bath, after which [this solution] is left to 
cool at room temperature; thus the annealing is performed. 
Two pi of T4 DNA ligase are added, and the temperature is 
kept at 15 *C overnight, joining the fragments and making a 
double-chain fragment • 

Colifonn bacteria DNA polymerase I reaction 

Sterile distilled water is added to 1 pg DNA, 1 pi DNA 
polymerase I (Klenow fragment, Takara Shuzo Co,, 35 
units/pl), 1 pi 1 mM dXTP (mixture of dATP, dGTP, dCTP, and 
TTP), and 3 pi lOX buffer solution [70 mM Tris-HCl (pH 7.5), 
1 mM EDTA, 200 mM NaCl, and 70 mM MgCl2] to make a total 
quantity of 30 pi; this was kept for 30 minutes at 37 *C. 

Actual Esample 1. Synthesis of DNA encoding Met(123)- 
Ala(151) 

The construction of a gene fragment which has a BamH I 

adhesion end on the 5' end, an Hpa II (Msp I) recognition 

sequence near the 3' end, and the double-chain part of which 

completely encodes the Met ( 123 ) -Ala( 151) of human serum 

albumin was performed as follows. In order to express [these 

genes] efficiently in coliform bacteria, a sequence was 

« 

designed which contained as many as possible of the codons 
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Shuzo Co.), at 37 *C/ for 60 minutes, and their 5 ' -ends were 
phosphory lated . 

The 4 phosphorylated fragments were mixed and kept in a 
100 *C water bath for 5 minutes, after which they were left 
to cool to room temperature, to perform the annealing. Two 
IjI of T4 DNA ligase (800 units, Takara Shuzo Co.) were added 
and the temperature was held at 15 "C overnight, joining the 
fragments and making a double-chain fragment. Next, this 
double-chain fragment was cut with Hpa II (Msp I) to obtain 
a 96 bp fragment . 

Actual Example 2. Preparation of DNA fragment encoding 
human serum albumin fragment Met (123) -Pro (303) (Fig. 2) 

The lambda gtll human cDNA clone (HSA-IA) lacking the 
part which encodes the amine end side of normal human serum 
albumin and containing a sequence in which the codon coding 
the 304th serine is changed to a translation termination 
codon (Reference Example 1, Fig, 6) was cut by EcoR I and 
the human serum albumin cDNA part was taken out; this was 
inserted into the EcoR I site of plasmid pUC19, making 
plasmid pUC-HSA-I. 

pUC-HSA-I was cut with Pst I and the 5 ' -end phosphoric 
acid group produced was removed by treating with bacterial 
alkaline phosphatase; after this, the result was cut with 
Hpa II (Msp I), and the 750 bp fragment was removed. This 
7 50 bp fragment was joined with the 9 5 bp fragment 
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signal peptide and the part of the HSA cDNA joined in this 
way, the nucleotide sequence GGATCC was produced, as an 
adaptor sequence, and since the two amino acids Gly-Ser are 
encoded, the fused protein actually synthesized by these 
fused genes takes the structure of the phoA signal peptide - 
Gly-Ser-Metl23 to pro 303. 

In order to express the fused protein in coliform 
bacteria, the pAT-trp-phoA-HSA-A (Reference Examples 3 and 
4; Public Patent Application Bulletin No, 63-037453), which 
was used in the expression of the fused protein of phoA 
signal peptide-normal human serum albumin, was used. The 
pAT-trp-phoA-HSA-A was doubly digested by EcoR I and Hind 
III, and the larger of the fragments, which did not contain 
the phoA leader sequence-HSA cDNA part, was joined with the 
800 bp fragment obtained by the double digestion of the pUC- 
phoA-SAL II plasmid by EcoR I and Hind III, by means of T4 
DNA ligase, and the pAT-trp-phoA-SAL II plasmid was 
obtained. 

By introducing the pAT-trp-phoA-SAL II plasmid into the 
coliform bacterium HBlOl, using the character transformation 
method, the coliform bacterium HBlOl ( pAT-trp-phoA-SAL II) 
was obtained. 

This coliform bacterium was entrusted to the 
Microbiology Industry Technology Institute of the Agency of 
Industrial Science and Technology, as Bikokenkinki No, 10308 
(FERM P-10308) . 
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mM EDTA, and 1 mM PMSF ( phenyimethylsul f onyl fluoride), and 
0,2 rag/ml egg white lysozyme was added. The outer membranes 
were consumed by letting this stand at 37 for 15 minutes, 
and the protoblasts ( spheroblasts ) were obtained. This 
suspension was transferred onto ice and cooled, after which 
it was centrifuged at 10,000 rpm for 10 minutes and the 
spheroblasts were precipitated. These spheroblasts were 
resuspended in a 20% sucrose solution [25 mM Tris-HCl (pH 
7.5), 10 mM EDTA) , and then pulverized in an ice bath by 
means of a Polytron [phonetic; poritoron] homogenizer (dial 
value: 8). The pulverized solution was centrifuged at 
15,000 rpm for 20 minutes, at 4"C, and a bacteria residue 
was obtained. This bacteria residue was resuspended in 25 mM 
Tris-HCl (pH 7,5), and the suspension was centrifuged at 
15,000 rpm for 20 minutes, at 4*C- This operation was 
performed once more, and the precipitate obtained was used 
as the insoluble fraction. 

SDS-polyacrylamide gel electrophoresis 

1) Analysis of bacteria total protein 

0.5 ml of culture solution was centrifuged at 7000 rpra 
for 5 minutes, and the bacteria were collected. The bacteria 
were floated in 10 pi SDS-sample solution [52.5 mM Tris-HCl 
(pH 6.8), 2% SDS, 10% sucrose, 5% 2-mercaptoethanol ] and 
treated at 100 'C for 5 minutes. The result was applied to an 
SDS-polyacrylamide gel [Laemmli's method: Nature (London) 
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(Bio-rad Co.), and 16.7% methanol, and reaction was - 
performed for 15 minutes. Next, the filter was left standing 
in water for 30 minutes. The material which cross-reacted 
with the anti-human albumin antibodies was stained a deep 
violet at a certain place (Fig- 4). The expressed product of 
this invention was observed at the position of molecular 
weight 21,000. 

Actual Example 5. Preparation of plasmid pDC-phoA-mHSA, 
containing a DNA sequence encoding a fused protein of 
coliform bacteria alkaline phosphatase signal peptide and 
mini-HSA (Fig. 9) 

The pUC-phoA-HSA-A mentioned in Reference Example 3, 
containing a DNA sequence encoding a fused protein of 
coliform bacteria alkaline phosphatase signal peptide and 
mature human serum albumin A, was doubly digested with EcoR 
I and Ksp I; the region from immediately before the 
methionine codon of the amine end of the signal peptide of 
the alkaline phosphatase to the codon of the 152nd position 
proline of the mature human serum albumin A (approximately 
500 bp) was cut out. On the other hand, the recombinant 
plasmid pUC-HSA-I', containing a DNA sequence in which, of 
the precursor prepro human serum albumin A, the mature human 
serum albumin A was encoded up to the proline of the 303rd 
position, but the codon of the 304th position serine (TCA) 
was replaced with an opal codon (TGA) , was doubly digested 
with Msp I and Xba I; a DNA fragment of approximately 610 
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which a DNA sequence encoding coliform bacteria alkaline 
phosphatase signal peptide and mature human serum albumin A 
and its 3' side non-translation sequence are placed 
downstream from the EcoR I recognition site, which is 
downstream from the coliform bacteria tryptophan promoter, 
and the Hind III recognition site is located at the very 
end. Therefore, the larger of the DNA fragments obtained by 
double digestion using EcoR I and Hind III takes a form in 
which the DNA sequence encoding coliform bacteria alkaline 
phosphatase signal peptide and mature human serum albumin A 
is lacking; by joining this with the DNA sequence encoding 
the fused protein of coliform bacteria alkaline phosphatase 
signal peptide and raini-hSA, it was possible to construct 
the recombinant plasmid pAT-trp-phoA-mHSA, which has a 
structure in which the said fused protein could be expressed 
under the control of the coliform bacteria tryptophan 
promoter. 

The pAT-trp-phoA-mHSA plasmid was introduced by the 
characteristic transformation method into coliform bacterium 
HBlOl and coliform bacterium HBlOl ( pAT-trp-phoA-mHSA) was 
obtained. This bacterium was entrusted to the Microbiology 
Industry Technology Institute of the Agency of Industrial 
Science and Technology, as Bikokenkinki No. 10952 ( FERM P- 
10952) . 

Actual Example 7. Preparation of recombinant plasmid pDC- 
tHSA, containing the DNA encoding contracted HSA 
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with coliform bacteria DNA polymerase I and the single-chain 
part of the end was buried by a nucleotide polymerization 
reaction. Next, cutting was performed with Sph I, and the 
larger of the DNA fragments was obtained. On the other hand, 
the recombinant plasmid pSAL II, containing a DNA sequence 
encoding the Metl23-Pro303 (SAL II) of mature human ser\im 
albumin A, was cut at the BamH I recognition site, 
immediately before the Met 12 3 codon, after which a 
nucleotide polymerization reaction was performed by using 
coliform bacteria DNA polymerase I, and the single-chain 
part of the end was buried. Next, cutting was performed with 
Sph I and the smaller of the DNA fragments, containing a DNA 
sequence encoding SAL II, was obtained. These 2 DNA 
fragments were joined to prepare a recombinant plasmid pAT- 
trp-SAL II, in which a DNA sequence encoding SAL II was 
placed downstream from the sequence derived from the 
coliform bacteria tryptophan operon. After this pAT-trp-SAL 
II was cut at the Sal I recognition site, located downstream 
from the SAL II DNA sequence, the single-chain DNA part was 
buried with coliform bacteria DNA polymerase I, and it was 
cut again at the site of the 5' end of the SAL II DNA by 
means of BamH I, cutting and removing the SAL II DNA. The 
larger of the DNA fragments obtained in this way was joined 
with a DNA fragment containing a DNA secfuence encoding 
contracted HSA, obtained by cutting the pUC-tHSA plasmid 
with Hind III, burying the single-chain part with coliform 
bacteria DNA polymerase I, and cutting with BamH I; in this 



36 



treatment with DNA polymerase I was performed, burying the 
single-chain part, and a DNA sequence encoding contracted 
HSA was cut out by cutting with BamH I. These 2 DNA 
fragments were connected and a recombinant plasmid pAT-trp- 
phoA-tHSA, which expresses the fused protein phoA-tHSA in a 
form in which the alkaline phosphatase signal peptide and 
contracted HSA are sandwiched by spacers composed of the 
dipeptide Gly-Ser encoded by the BamH I recognition sequence 
GGATTCC, was constructed. The pAT-trp-phoA-tHSA plasmid was 
introduced into the coliform bacterium HBlOl by means of the 
characteristic transformation method, and the coliform 
bacterium HBlOl (pAT-trp-phoA-tHSA) was obtained. This 
bacterium was entrusted to the Microbiology Industry 
Technology Institute of the Agency of Industrial Science and 
Technology, as Bikokenkinki No. 10951 (FERM P-1051 [ sic ] ) , 

Actual Example 10. Expression of fused proteins composed of 
alkaline phosphatase signal peptide and mini-HSA or 
contracted HSA and the single contracted HSA molecule 

The fused proteins of coliform bacteria alkaline 
phosphatase signal peptide and human serum albumin fragments 
or contracted human serum albumin A alone, were expressed by 
means of pAT-trp-phoA-mHSA, pAT-trp-tHSA, or pAT-trp-phoA- 
tHSA as follows. 

Culturing 

Coliform bacteria strains HBlOl which had pAT-trp-phoA- 
mHSA, pAT-trp-tHSA, or pAT-trp-phoA-tHSA were cultured in 5 
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pulverized solution was centrifuged at 15,000 rpm for 20 
minutes, at 4**C, and a bacteria residue was obtained. This 
bacteria residue was resuspended in 25 mM Tris-HCl (pH 7.5), 
and the suspension was centrifuged at 15,000 rpm for 20 
minutes, at 4''C, This operation was perfoirmed once more, and 
the precipitate obtained was used as the insoluble fraction. 

SDS-polyacrylamide gel electrophoresis 

1) Analysis of bacteria total protein 

0-5 ml culture solution was centrifuged at 7000 rpm for 
5 minutes, and the bacteria were collected. The bacteria 
were floated in 10 pi SDS-sample solution [62.5 mM Tris-HCl 
(pH 6.8), 2% SDS, 10% sucrose, 5% 2-mercaptoethanol ] and 
treated at 100^*0 for 5 minutes. The result was applied to an 
SDS-polyacrylamide gel [Laemmli's method: Nature (London) 
277 , 680 (1970)], with a separation gel concentration of 
10%, and electrophoresis was performed. 

2) Analysis of insoluble fraction 

The residue was resuspended in 25 mM Tris-HCl (pH 7.5); 
part of this was taken and diluted with the SDS-sample 
solution. The insoluble protein was solubilized by treating 
at 100*C for 5 minutes, and gel electrophoresis was 
performed . 

3) Staining and destaining 

After the electrophoresis was completed, the gel was 
immersed for 30 minutes to 1 hour in a staining solution 
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transferred to TBS solution containing 0,025% Tween-.20 
(abbreviated below as "TTBS solution"), and a treatment was 
performed for 5 minutes, after which the same operations 
were repeated. The IgG fraction of anti-human albumin rabbit 
serum (Cappel Co.) was diluted 2000-fold with TTBS solution 
containing 1% gelatin, the filter was transferred to this 
solution, and a treatment was performed for 2-18 hours. 
Next, the filter was transferred to TTBS solution and 
treated for 5 minutes. This operation was repeated 2 more 
times. The filter was transferred to a solution of goat 
anti-rabbit IgG antibodies conjugated to horseradish- 
peroxidase (Bio-rad Co.), diluted 3000-fold with TTBS 
solution containing 1% gelatin, and a treatment was 
performed for 2 hours. After this treatment, the filter was 
washed twice with TTBS solution and once with TBS solution 
(5 minutes each time). The filter was transferred to a TBS 
solution containing 0.015% H2O2/ 0.05% HRP chromogen reagent 
(Bio-rad Co.), and 16.7% methanol, and reaction was 
performed for 15 minutes. Next, the filter was left standing 
in water for 30 minutes. The material which cross-reacted 
with the anti-human albumin antibodies was stained a deep 
violet at certain places (Fig. 12). The expressed products 
of cross reactions of phoA-mHSA, contracted HSA, and phoA- 
tHSA with the corresponding anti-human serum albumin 
antibodies were observed at the positions of approximate 
molecular weights 37,000, 49,000, and 51,000, respectively. 
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non-translation region composed of the following 5 
nucleotides (HSA-3). The base sequences of these probes are 
shovsrn in Fig. 5. The synthesis of these probes was 
performed by using an automatic DNA synthesizer; the 
labelling was performed by using [/--^^P] ATP and 
polynucleotide kinase. Among the 200 lambda gtll clones 
which gave positive signals with HSA-2, DNA was prepared 
from 4 clones [Blattner et al . , Science 707 , 1279-1284 
(1978)]; this was digested with EcoR I enzyme, and the 
Southern blot of the digested material was hybridized with 
the HSA-2 probe [Southern, E., J. Mol . Biol. 503-517 
(1975)]. The hybridized fragments were obtained from 3 
clones; their lengths were 1.8 kb, 1.4 kh, and 1.3 kb. 
Among these, the fragments with the lengths of 1.8 kb and 
1.3 kb were sub-cloned with the pUC19 vector. These 
subclones were screened by colony hybridization [Grunstein 
and Hogness, Proc. Natl. Acad, Sci. USA 22/ 3961-3955 
(1975)], using HSA-1 and HSA-3, respectively, as probes. As 
a result, a clone lambda gtll (HSA I-A) which hybridized 
only with HSA-3 was obtained. Various DNA fragments of this 
clone were transferred to the vectors for determining base 
sequences M13mpl8 and mpl9 RF-DNA, and the base sequences 
were determined by the stain deojcynucleotide termination 
method [Sanger, F,, Nicklen, S., and Coulson, A. R., Proc 
Natl. Acad. Sci. USA 21, 5463-5467 (1977)]. On the other 
hand, with 20 of the clones which gave positive signals in 
the plaque hybridization of the lambda gtll clones performed 
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Eco? I 30 

KK t:c atc xhk cm acc act a:: :ca ctc 

C TAG TTT CTT TCC TCA TA A CCT C*C 
Hot If 1 Cln Ser Thr Ila Ala leu 

SO 

CCA CTC TTA CCC TTA C:C TTT ACC CCT CTC 
CCT CAG AAT CCC AAT CAC AAA TCC CCA C;C 
Ala Leu Law Pro Leu Leu Pho T.if ?ro tal 

Hae I 

ACA AAA CCC CCC C 

TGT TTT CCC CCC C TT A A 

Thr Lyi Ala 

The EcoR I recognition sequences at both ends were 
prepared in order to perform an insertion into the EcoR I 
site of the PUC plasraid; the Hpa II recognition sequence 
was prepared in order to fuse the HSA-A mature gene 
afterward; and the Nae I recognition sequence was prepared 
so that [the DMA fragment] would be cut directly after the 
codon encoding the last amino acid (21st alanine) 
constituting the signal peptide and leave smooth ends, and 
this could be fused directly with the DNA sequence encoding 
the mature protein. Two DNA chains composed of 72 
nucleotides were synthesized by using an automatic DNA 
synthesizer (Applied Biosystems Model 380B) , applying the 
phosphoamidite method described in Matteucci, M. D. and 
Caruthers, M. H. , Tetrahedron Letters 21, 719 (1980), 
Quantities (21 pmoles) of each of the synthesized DNA chains 
were treated at 37*0 for 60 minutes in, e.g., solutions (50 
pi) containing 50 mM Tris-HCl (pH 7.5), 10 mM MgCls, 5 mM 
dithiothreitol, and 0.2 mM ATP, in the presence of 5 units 
of T4 polynucleotide kinase (Takara Shuzo Co.), to perform 
phosphorylation of the 5' ends. 
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(10 ng) were treated at IS'C for 4 hours in a total of 30 /j1 
of a reaction solution [66 luM Tris-HCl (pH 7,6), 6 . 6 ruM 
MgCl2/ 10 ruM dithiothreitol , 1 ituM ATP] containing 2.8 units 
of T4 DNA ligase (Takara Shuzo Co.), and a recombinant 
plasmid was obtained. Ten pi of this reaction solution were 
used for transforming the characteristics of the host 
bacterium, the coliform bacterium TB-1 strain. 

The sensitive coliform bacteria cells used in the 
characteristic transformation can be prepared by, for 
example, the calcium chloride method [Mandel, M. and Higa, 
A., J. Mol. Biol._Jil, 159-162 (1970)]. Specifically, an 
overnight culture solution of coliforru bacteria (e.g., the 
TB-1 strain) [in an agar-agar medium, e.g., Luria (LB) 
medium] was diluted 100-fold with the same medium, and 
culturing with agitation was performed at 37^*0 until the OD 
600 became 0.6. 1.5 pi were centrifuged at 5000 rpm for 5 
minutes, and the bacteria wer.e collected. These were 
suspended in 750 pi of 50 mM CaCl2/ and after leaving this 
on ice for 20 minutes, the bacteria were collected by 
centrifuging. The precipitate obtained was resuspended in 
100 pi of 50 mM CaCl2, and the aforementioned DNA ligase 
reaction solution was added; the resulting material (25 
pg/ml) was left on ice for 40 minutes. After the temperature 
was held at 42 *C for 1 minute, 1 ml LB medium was added and 
the temperature was held at 37**C for 30 minutes. 0.1 ml of 
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(1977)], and finally, the target pUC-phoA plasmid was 
identified . 

Reference Example 3, Preparation of plasmid pOC-phoA-HSA-A 
(Figs. 7-1, 7-2) 

The plasmid pUC-phoA-HSA-A, containing DNA which 
encodes a fused protein composed of the signal peptide of 
coliform bacterial alkaline phosphatase (phoA) and normal 
human serum albumin A, was prepared as follows. 

A fragment produced from clone lambda gtll (HSA-II), 
containing HSA cDNA obtained from a human liver cDNA 
library, by digestion by EcoR I and Xba I, was prepared; 
this fragment was joined with the larger of the fragments 
obtained by double digestion of the pUC19 plasmid by EcoR I 
and Xba I, using T4 DNA ligase, and the recombinant plasmid 
pUC-HSA-EX was constructed. 

The smaller of the fragments produced from this plasmid 
by double digestion by Aha III and Sal I was prepared. This 
fragment encodes [the part] from the 12th Lys to the 356th 
Thr of the mature normal human serum albumin A protein. In 
order to construct the genes which encode the mature normal 
human serum albumin A protein from the amine end, the DNA 
sequence corresponding to the 5' end was made by annealing 2 
chemically-synthesized fragments. This synthetic DNA 
sequence has the adhesion end sequence CG produced by 
cutting with the Hpa II and Cla I enzymes on the 5' end 
side, so that it can fuse with the DNA sequence which 
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the pUC18 plasmid. In this way, [the part] of HSA-A from the 
358th amino acid Leu to the 585th amino acid Leu of the 
carboKyl end was encoded; furthermore, a double digestion 
product by Xba I/Hind III, containing 62 nucleotides of the 
non-translation region of the 3' side, was prepared. This 
was mixed with the larger of the fragments of the double 
digestion product of EcoR I/Xba I obtained from pAT-HSA-CX 
and the double digestion product of EcoR I/Hind III of 
pUC18; a linking reaction was performed by T4 DNA ligase, 
and the recombinant plasmid pUC-HSA-CH, containing all of 
the cDNA of the mature normal human serum albumin A, was 
obtained. 

Figs. 8-1 to 8-3 show the cDNA base sequences which 
encode all the amino acid sequences of mature normal human 
serum albumin A and the corresponding amino acid sequences. 

In order to join the cDNA of the mature normal human 
serum albumin A with the DNA sequence encoding the phoA 
signal peptide, the pUC-HSA-CH was cut with EcoR I/Cla I and 
the larger of the fragments produced was obtained. Using T4 
DNA ligase, this was joined with the smaller of the 
fragments obtained by the double digestion of pUC-phoA by 
EcoR I/Msp I (cutting the same recognition sequence as Hpa 
II). The plasmid pUC-phoA-HSA-A constructed in this way 
contained a DNA sequence encoding a fused protein consisting 
of phoA signal peptide (consisting of 21 amino acids) and 
mature normal human serum albumin A; it was inserted in 
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larger of the fragments obtained was used in the junction 
with phoA-HSA-AcDNA. 

On the other hand, the smaller of the fragments 
produced by the double digestion of pUC-phoA-HSA-A by EcoR 
I/Hind III (containing the phoA-HSA-AcDNA sequence) was 
joined with the larger of the fragments produced by double 
digestion of pAT153 with EcoR I/Hind III, obtaining the 
.recombinant plasmid pAT-phoA-HSA, After this was digested 
with EcoR I, making a straight-chain DNA, it was acted on by 
coliform bacteria DNA polymerase I to bury the single-chain 
part of the end. After this, it was cut with Sal I and the 
smaller of the fragments was recovered as the part 
containing the phoA-HSA-A cDNA. This fragment was joined 
with the previously-mentioned fragment from the pAT-trp 
vector, obtaining the recombinant plasmid pAT-trp-phoA-HSA- 
A. 

This recombinant plasmid was introduced into the 
coliform bacteria strains HBlOl and C600, and the 
characteristic transformation products E. coli HBlOl (pAT- 
trp-phoA-HSA-A) and C600 ( pAT-trp-phoA-HSA-A) were obtained. 

The coliform bacterium C600 ( pAT-trp-phoA-HSA-A) , 
containing the recombinant plasmid pAT-trp-phoA-HSA-A which 
contains cDNA encoding the normal human serum albumin A, of 
this invention, was entrusted to the Microbiology Industry 
Technology Institute of the Agency of Industrial Science and 
Technology, as Bikokenkinki No. 9874 (FERM P-9874). 
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Figs. 8-1 to 8-3 show base sequences of the cDNA 
encoding all of the normal human serum albumin A of this 
invention. In the figures, the sequence within [ ], from 
amino acid 152 to amino acid 303, shows the amino acid 
sequence of the C-end side of the human serum albumin 
protein fragment of this invention and the base sequence 
encoding it. 

Fig. 9 shows the process of producing the plasmids pUC- 
phoA-mHSA and pAT-trp-phoA-mHSA. 

Fig. 10 shows the process of producing the plasmids 
pUC-tHSA and pAT-trp-tHSA. 

Fig. 11 shows the process of producing the plasmid pAT- 
trp-phoA-tHSA. 

Fig. 12 is an SDS-polyacrylamide gel electrophoresis 
diagram of the expression products of the plasmid pAT-trp- 
phoA-mHSA (lane 4), pAT-trp-tHSA (lane 2), and pAT-trp-phoA- 
tHSA (lane 3); the protein bands were stained with Coomasie 
Brilliant Blue. Lane 1 represents the size markers: 
phosphorylase B (molecular weight 94,000), bovine serum 
albumin (molecular weight 67,000), ovalbumin (molecular 
weight 43,000), carboxylic acid dehydrogenase (molecular 
weight 30,000), soybean trypsin inhibitor (molecular weight 
20,000), and lactoalbumin (molecular weight 14,400). The 
arrows indicate the various expression products. 
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CA TCC ATC TCC ACC CCT TTC CAC CAC 
C 7AC ACC TCC CCA AAC CTG CTC 
n«c CY* Thr Ai« mm Him A«p 

(133) 



AAC CAA CAA KCC TTC CTC AAA AAA 

TTC err err zee aac cac ttt ttt 

A«A CW CIu r^r Pri* L«u Ly^ i-Y* 



TAC CTC TAG CAA ATC CCT CCT CZT CAC 
ATC CAC ATC CTT TAC CCA CCA OCA CTC 
ryr t«u Tyr Clu Il« ai* Arq Arq sii 



CCC TAC TTC TAC CCT OCC C 

CCC ATC AAC ATC CCA CCC] CTT CAC CAC AAC AAC C 

/ro Tyr rum Tvr Al« Pro|ciu L«y Ph« Ph« a1« 

(ISll 
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Fig . 
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Key to Fig. 3 

1 * Fragment 

2 . Large fragment 

3. Joining, characteristic transformation 

4. Signal 

5. Sequence of phoA-SAL II junction part 
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Fig. 5 
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Key to Fig* 6 

1. Base pairs 

2 . Prepro leader sequence 

3. Mature HSA coding region 
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Fig. 7-2 




Key to Fig. 7-2 

1. (From Fig. 2-1) [apparently misprint for " 7-1 " -Trans . ] 

2. Coliforra bacteria DNA polymerase I treatment 

3 . Fragment 

4 . Promoter 
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ss Si; Si; s Si Sis as s; ss us si; s:s si; us sis ;ss ss ?;; sis sis sis Si? u; ui is 



Val Aln AU Soc Cln Ala Ala Leu Cly Leu End 
CTT CCT CCA ACT CAA GCT CCC TTA CCC TTA TAA 



Fig. 10 



65 



8QmHlil!P[J15°LPsll ^?P' tbol 





HincJIK 



p-SALII pAT-trp 




BomHI 


Cfal 




poll 


poJl 




SphI 


SphI 








\1. / 


2. 



BomHI 
Mspl 



Mspl 
+ 

Hincini 

1 350b:73^>>h \ ^ 



BomHI + HindlU p^ciQ 



BomHI Xbol 
EcoRI 




Key to Fig. 10 

1 . Fragment 

2 . Vector 



